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REPORT OF REAR-ADMIRAL B. F. SANDS, U. S. N 



United States Naval Observatory, 

Washington, yuly 15, 187 1. 

Sir : The officers of the Observatory, detailed by the Navy Department for observations of the late 
eclipse of the sun of the 22d December, 1870, having returned from that duty, I have the honor to forward 
herewith their reports. 

After the successful results of the observations of the eclipse of August 7, 1869, by the officers of 
this Observatory, it was desirable that their experience should be taken advantage of for the further eluci- 
dation of the subjects involved in such phenomena; and the eclipse to occur in Europe on the 2 2d Decem- 
ber, 1870, was discussed with a view to their taking part in the observations on that occasion, as one of 
the legitimate and appropriate duties of the Naval Observatory. 

The Navy Department was addressed by me upon the subject, which resulted in the detail for that 
duty of Professors Simon Newcomb, Asaph Hall, William Harkness, and J.. R. Eastman, of the United States 
Navy, attached to this Observatory, all of whom had contributed largely to science by their reports of the 
August eclipse. 

It was, at first, intended to have the parties accompanied by a skilled photographer and other observers 
not attached to the Observatory ; but having no special appropriation for the purpose, and our contingent 
ftmd being too limited to meet the expense that would be incurred, we had to restrict ourselves to the 
officers of this institution already experienced in such observations. 

The last three of the officers mentioned above were directed to proceed to Sicily, to occupy some con- 
venient points near Syracuse, each in his distinct and separate duties, with independent instructions for 
each — Professor Hall for observations upon the corona, Professor Harkness for spectral analysis, and Pro- 
fessor Eastman with polarizing apparatus and meteorological instruments ; with directions to avail them- 
selves of any assistance they might be able to obtain in the localities selected. 

Professor Newcomb, having been previously detailed for other special duties in Europe, was instructed 
also to occupy some point near Gibraltar for general observation of the eclipse and physical constitution of 
the corona, and other observations to determine the path of the center of the shadow over the earth, with 
the object of obtaining data for the correction of the lunar tables, by comparing these results with those 
previously calculated from them. 

While in England, eti route for his station. Professor Newcomb, through the courtesy of the Astron- 
omer Royal, Mr. Airy, and of Sir James Anderson, the president of the Anglo-Mediterranean Telegraph Com- 
pany, made very elaborate arrangements to correct the stations of our observers by cable for difference of 
time with the Greenwich Observatory. This was accomplished between Sicily and Malta and Gibraltar, 
and failed with Greenwich only in consequence of a break in the cable between that place and Lisbon, 
which could not be repaired during Professor Newcomb's sojourn at Gibraltar. 

By special invitation, Professor Newcomb accompanied the English party to Gibraltar on board H. B. 
M. Steamer Urgent, arriving in time to make the necessary preparations for telegraphic difference of time 
with Greenwich, Gibraltar, and Malta. 

Professors Hall, Harkness, and Eastman arrived at Syracuse with their instruments in ample time to 
make every preparation, and selected their several positions near that city. Mr. Hall and Mr. Harkness, in 
the mean time, at Malta and Syracuse respectively, in connection with Mr. Newcomb at Gibraltar, deter- 
mined by telegraphic cable the difference of time between those places. Cloudy weather with high winds 
made the Sicily observations less successful than we had hoped, but they tend to corroborate those of our 
parties in America on the 7th August, 1869, and form interesting addenda to those of that year on this 
continent. 

In accordance with the course I had Adopted in the administration of the duties of Superintendent, to 
give to each of the officers the full credit of his work, and that they may share the responsibility attendant 
upon their obser\'ations, I have the pleasure to forward to the Department their very interesting reports 
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entire, and over their several signatures. Constituting as they do very valuable contributions to the science 
of astronomy, evincing great ability and personal interest in the subject, most creditable to the obser\'ers 
and highly honorable to the institution of which they are prominent members, it would be unjust to the 
officers, and detract from the merits of the reports, to abridge or condense them. 

The letter of Captain Tupman, R. M. A., who volunteered to assist Professor Harkness, containing 
his notes and other remarks, is also given entire at the end of Professor Harkness's report. The reports 
have been delayed to this date by the severe illness of Mr. Harkness in Europe, and the detention of Mr. 
Newcomb by other duties on which he was engaged, and which were protracted by the war in Europe. 

It is most gratifying to record here the very great courtesy and kindness extended to our officers by the 
savants of Great Britain and the continent — setting aside national jealousies and forming one great 
brotherhood of science. To each of those learned and distinguished gentlemen I have had the pleasiu-e to 
address a letter expressing my appreciation of the attentions thus shown. They are mentioned by name in 
the several reports of our officers. 

Through the courtesy of the Secretary of State, Hon. Hamilton Fish, we secured the ready acqui- 
escence of the foreign legations of England and Italy for the passage of the instruments used through the 
several custom-houses. 

I have the honor to be, very respectfully, your obedient servant, 

B. F. SANDS, 
Rear-Admiral^ Superintendent. 

Hon. G. M. Robeson, 

Secretary of the Navy, Washington City, 
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REPORT OF PROFESSOR NEWCOMB. U. S. N. 



Berlin, jl/rf/'cA 21, 1871. 

Commodore ; I have thi: honur to present the following report of my observations of the total solar 
eclipse of December 22, last, made in compliance with the orders of the Honorable Secretary of the Navy, 
As my proceedings were necessarily determined by the character of the observations to be made, 1 ask leave 
to begin by catling to your mind the plan of work marked out for me. 

The great number of spectroscopic parties, who were expected to lake part in the observations, made it 
desirable to choose some leas occupied, though, it might be, less brilliant field. It was therefore determmed 
that 1 should simply scrutinize the physical constitution of the corona, as it appeared through the telescope 
employed in the obser\-ations of partial phase. Tlie question kept more i.iarticularly in mind was one 
respecting which the testimony of previous obsen-ers is very discordant, namely, whether there is any appear- 
ance of structure in the formation of the corona, or whether its different parts seem to run into each other 
by insensible graiJations ; in other words, whether the corona is composed of bright points, filaments, and 
rays, or whether its light is soft and milky. In the former case, it would be proved that the corona could 
not result solely from an elastic atmosphere surrounding the sun, while in the latter this question might still 
be an open one. 

Another object was to determine, with as much accuracy as possible, the path of the center of the 
shadow over the surface of the earth, and the time of its passing a given point, in order to compare these 
resulLs with those previously calculated from the lunar tables, and thus obtain data for the correction of the 
latter, The relative positions of the sun and moon can indeed be determined by observations of an eclipse 
at points far removed from the central line. But the observations for this purpose, as usually made, are sub- 
ject to various unavoidable sources of error, which it is not necessary to enumerate. On the other hand, 
whet\ the observer is on or near the line of central eclipse, observations for this purpose can be made with 
great precision, and my arrangements were planned with the view of putting in practice a very accurate 
method of observation, which, if not new, has fallen into almost complete tlesuetude. This method is 
founded on the geometrical theorem that the line joining the cusps of the partially eclipsed sun is at right 
angles to the line joining the centers of the sun and moon, so that the angle of position of the latter line 
can be immediately inferred from that of the former. The advantages of the method arise from the great 
extent to which the errors of the ordinary class of observations may thus be diminished. During the last 
century, observations of solar eclipses have been generally confined to determinations of the limes of con- 
tact of the limb of the moon with that of the sun or with spots on its surface. The latter furnish no data for 
fixing the position of the moon, because the positions of the spots arc never accurately known. The former 
generally consist of observations of externa! contact, or moments of the beginning and end of the eclipse. 
But if wc consider the question with mathematical accuracy, we must admit that an actual external contact 
of the limb of the moon with that of the sun cannot be observed, because the former cannot be seen until 
it has impinged on the latter to an appreciable extent. If the magnitude of this extent were constant, it 
could be easily determined and allowed for. Hut, unfortunately, it is a very variable and uncertain element, 
depending on the observer, the telescope, and the nature of the moon's surface, smooth or rough, at the point 
of contact. Observations of last contact are indeed less in error from this cause than those of first contact, 
but they still exhibit very large discrepancies. 

Observations of internal contact in annular and total eclipses are free from the source of error here con- 
sidered. But they are still subject to the uncertainties arising from the inequalities of the moon's surface ; 
and when made, as is usually the case, at points near the line of central eclipse, they afford no data what- 
ever for determining the error of the moon's ladlude, or the path of the line along the earth's surface. To 
be useful for this purpose, observations of contact must be made at points near the limits of aimular or total 
phase. We have occasional observations so made at public or private observatories, which chanced lo He in 
the proper position relatively to the moon's shadow ; but I know of only two total eclipses in which s\s- 
tematic arrangements were made to determine by observation the path of the moon's shadow along the sur- 
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face of the eafth. These were ihe eclipses of 1715, in which ihc moon's shadow passed over England, and 
that of 1869, in whicli it passed over ihe United States. The method adopted in the latter was substantially 
identical with that employed by Halley in the former, and consisted in securing observations of the simple 
duration of total phase by intelligent inhabitants at various points near the limits of totality. Though this 
method is the best yet used, it is not always satisfactory or practicable. The limits of the shadow are them- 
selves rendered uncertain by the irregularities of the moon's surface, besides which we require an accurate 
knowledge of the positions of all the observers before the observations can be utilized. Of course the 
observations can be made oiily in those rare cases when the shadow passes over a well -populated country. 
But knowing I'rnni observation the angle of position of the line joining the center of the sun and moon at 
any moment, wc can thence infer the direction of the center of the shadow at that moment- By making a 
number of determinations of this angle, as seen from any point in or near the shadow while the latter is pass- 
ing, the path of its center can thence Ik.' inferred with great accuracy. It Is inie that the error of any 
isolated men.sure arising from inequalities of the moon's surface will be of the same magnitude with that of 
an observed contact. But all the measures being made on different parts of the moon's contour, as the 
solar crescent seems to move around the moon, the errors arising from irregularity of contour will be almost 
entirely eliminated from the mean result. My trial of this method convinces me that the observations of 
the sharp cusps can be made with even greater jirecision than I had anticipated. 

The direct determination of the line joining the cusps is, however, scarcely practicable, owing to the 
breadth of the solar disk, which prevents the observer from setting a wire simultaneously on the two cusps, 
unless the telescope be mo\'ed by clockwork and a low power be used. We have therefore to substitute 
differences of right ascension of the cusps, which may be obtained by observing transits of the two cusps 
over the wires of an equatorialiy mounted telescope. This was the mode of observation actually adopted, 
the telescope em])loycd being the comet-seeker of the Observatory. The instrumental arrangements will be 
more fully described in connection with my observations, which I shall preface with an account of the pre- 
liminary operations made to secure the success of the proposed plan. 

I sailed from New York, in compliance with my orders, and reached London on Novemlier isl, My 
instructions left i»c at liberty to select that point along the line of totality the longitude of which could best 
be determined by the electric telegraph, an accurate longitude being required before my observations could 
be used. Immetllately on my arrival in I..ondon 1 therefore sought an interview with the Astronomer Royal, 
10 confer with him respecting the choice of a station, and to reijuest his co-operation in the work of deter- 
mining the longitude of such station as might be selected. It was soon found that Gibraltar was in this 
respect the most favorable [loint along the path of totality, as it was in direct telegraphic communication 
with England through the Falmouth, Gibraltar and Malta cable. The Astronomer Royal entered into my 
jilans in Ihe most obliging manner, agreeing to send time-signals from the Royal Observatory to my station 
whenever the two points could be put in telegraphic communication, and using his influence to secure such com- 
municalion. To attain this end, he introduced and recommended me to the cnginecr-in-chief of the govern- 
ment telegraphs, R. S. Culley, Est]. Mr. Culley most cordially tendered us the use of any of the telegraph 
lines that might be under his control. It only remained to ask for the use of the cable, and this I did in con- 
junction with Mr. G. W- Dean of the Coast Survey, who had been instructed by I'rofessor Peirce to co-operate 
with our parties whenever the interest:* of science could be so advanced, and whose experience in telegraphing 
longitude-signals through the ocean-cables made his counsel of great value. We arranged for an interview 
with Sir James Anderson, managing director of the cable, on the following Monday. At this interview, the 
ilisfinguished director eiq>ressed the great pleasure it would give him to do everything in his power to insure 
the success of our observations, and offered to place the cable at our disposal at such times as we might 
rctjuirc it for tlie transmission of signals. As the cable was least loaded with business on Sunday afternoons 
and Monday mornings, it was agreed to select these times for transmission if weather permitted of our 
torrecting our chronometers by astronomical observations. 

It only remained 10 frame a |»lan of operations for the transmission of signals, which 1 did, after consul- 
tation with Ihc Astronomer Royal and Mr. Dean. 'ITic unfortunate failure of the scheme tlirough a cause 
l)eyond human foresight and control deprives both my plan and my further proceedings under it of nearly 
all their interest. However, 1 inclose a copy of the plan as evidence of the care with which the operations 
were arranged. To guard os far as possible against all possibility of failure. Sir James Anderson advised me 
to visit the telegraph office at Porthcumo. the terminus of the cable, and assure myself that all tlie arrange- 
menUlbrtransmittingsignnls were [iroperly made and understood by the operators. I started on this journey 
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December 2d, and on the very same day I was advised that a fault had occurred in the cable between Lisbon 
and Gibraltar. As it was expected that the fault would be speedily found and repaired, I made no change 
in my plan of operations, and completed the proposed journey. The hope in question was, however, not 
realized, so that no time-signals could be transmitted at all. The failure of the cable at this moment was 
most unfortunate for us, because, had I not fully expected to obtain a telegraphic longitude, I should have 
tried to organize a chronometric expedition for the same purpose, and, I believe, would have succeeded. 
But it was now too late to do so ; indeed, I did not return to London at all after my visit to* Penzance. 

During my stay in London a joint committee of the Royal and Royal Astronomical Societies was engaged 
in organizing an expedition for the observation of the ecHpse. Having secured from their government the 
grant of a ship, they invited me to accompany them to Gibraltar. I accepted this flattering invitation, and 
therefore proceeded from Porthcumo direct to Portsmouth, the port of departure. We sailed on Tuesday, 
December 6th, in H. B. M. Ship Urgent, on which I was, during a week, the'guest of the English expedition. * 
We reached Gibraltar, after a rough passage, on the morning of December 14th. 

I first called on the American consul, H. J. Sprague, Esq., and made known to him the object of my 
visit. He informed me that my instruments, which had been forwarded by the consul at Liverpool, had 
arrived in safety. I then called on Mr. De Sauty, superintendent of the Gibraltar oflice of the telegraph 
company, and learned that Professor Hall was awaiting me at Malta in order to exchange time-signals. I 
arranged for the exchange on the two following days. 

The business next in order was to make the object of my visit known to the authorities. Accordingly, 
on Friday, Mr. Sprague presented me to His Excellency Sir W. F. Williams, of Kars, the governor of the 
fortress, who most obligingly tendered me every facility in his power for making my observations from any 
station I might select within his jurisdiction. The selection of a station was, however, no easy matter. 
None of the authorities I consulted advised a point within the town, for the reason that during an east wind 
the latter is always covered with fog, though the sky may be clear both to the north and the south. A station 
far enough north to avoid this evil would be on Spanish soil and would be subject to several inconveniences, 
one of which would be the impossibility of any communication with the telegraph office or the town at night. 
A station to the south was objectionable because farther removed fi-om the line of central eclipse, which 
passed some twenty miles north of Gibraltar. As this seemed to be the least of the evils, I selected a point 
known as Buena Vista, about half-way between the town and Europa Point. Its position relatively to some 
other points in the fortress was as follows, the distances being given in round hundreds of feet, as measured 
on a large map :♦ 

8,800 feet south and i ,400 feet east of telegraph office. 

6,900 feet south and 800 feet east of American consul's house, Edward's Road. 

5,600 feet south and 1,100 feet west of Signal Tower. 

2,700 feet south and 2,000 feet east of base of new mole. 

According to the Admiralty Chart of 1864, the position of the flag-staff" near the latter point is latitude 
36° 7' 10"; longitude o** 21"* 25'».i W.t This would make the position of my station 

Latitude, 36^ 6' 43'' N. 
Longitude, o^ 21™ 23*.4 W. 

The latitude derived fi'om my sextant observations is 

36«6'5i/^ 

with a probable error of four or five seconds. The difference of eight seconds is quite unimportant in the 
case of the eclipse observations. 

Having signified my choice 01 a station to the governor, his excellency immediately directed that 1 
should be supplied with anything in the shape of military stores I might require. I thus received everything 
necessary for the protection 01 my instruments, including tents and a guard. 

The instruments were conveyed to the station on Saturday, and the work of getting them into position 
was commenced on Monday. They consisted of the observatory comet-seeker, which was fitted up fcr 
the observation of the eclipse itself; a small portable transit, by Wiirdemann, of about two inches aperture, 

* There is probably an error of about 5° in azimuth in these measures, the direction of the supposed meridian being 
r«aily N. 5° W. and S. s" E. 

f The chart of July 27, 1869, gives a longitude 2" less* 
2— E 
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>un(Iar)' survey, ami loancil lo ihe expedition by the Chief of Engineere of tbe 
1 of latitude and time f had al&o a Gambey sextant with artificial hoiizon. 
t-sccker is an e>|uatori3lly mountol tclesroiie. of thiny-two inches focus and four inches 
aperture. When turned on the sun the ajierture has to l*c reduced to two inches or less, owing to the inteo- 
sity of the heal concentrated at theeye-en<l when the full a[>eTture is used. Its sioall size is partly compen- 
sated for by its fine definition. A jiower of forty was selected for the observation of the eclipse. The eye- 
piece was furnished with a diaphragm of eleven vertical and four horizontal, wires, arranged as in the accom- 
paD)'ing diagram, by Mr. Gardner, instrument-maker at the United States Naval Observatory. The inten'als 
between the closer vertical wires are approximately each 2)i' of arc, or to* ol 
time, while the wider inter%'als on each wdc of the center wire are 5' of arc. 
The extreme distance lietwecn the oub^dc wires is thereiore 30', or a little 
*less than the Sun's diameter. The eyepiece could l>e turned into any r 
quired position, so that the term vertical, as applied to the eleven wires, is only J 
a relative one. A notch was cut into the eye-piece to indicate a fixed posi- | 
tion of the latter in which the central wire coincided accurately with the \ 
meridian of the instrument. There was no other means of fixing or deter- 
mining the angle of position of the wires. The direction of the polar axis of 
the instrument admitted of no adjusimenr for latitude ; but Gibraltar being less 
than three degrees south of \\a.shington, it was easy to elevate one side ol 
the base of the instrument enough to secure the adjustment in i|ucstion. Both axes of the instnunent 
have divided circles, and each circle is read by two opposite verniers, which give single minutes in dec- 
lination and spaces of four time-seconds in R. A. 

'Ilie traasit-inslniment was mounted on a cast-iron swnd. Kor the adjustment of level and azimuth 
one Y was movable horizontally and the other vertically. Itoth movements were effected by micrometer- 
screws H-ith divided heads, a feature verj- convenient for Ihe determination of the instrumental constants. 
The reticule consisted of seven vertical and two horizontal >virc-s. ITic instrument was supplied with two 
spirit-levels for leveling the axis. 

As it was not ea.sy to get solid slone piers for the instrument, 1 ailopted the plan of using the outside 
packing-cases, well packed with sand, for the supports. For the transit the box was packed slightly more 
than full, so that when the top was nailed down its u])]>er surface was rendered slightly convex by the pres- 
sure of the san<i Iwlow. 'ITie stability of the instrument, though ample to determine the local time for obser- 
vation of the ecli|»se, would not have suffice*! for any accurate astronomical iletermination.* 

The comet-seeker was mounted under a tent in such a way that by slightly changing the position of the 
latter through its sU|i|)oning cOrds the instrument could lie cither entirely covered in, or could l>e left far 
enough out to comman<l the southern half of the heavens. On the day preceding the eclipse I got it ad- 
justed to the diurnal motion of the earth as nearly as seemed prncticabfe with the rough means at my disposal. 
'ITie reticule was adjitstetl on a distant object, so that the middle right ascension wire was as nearly as pos- 
sible in the plane of motion of the instrument in declination ; aller the adjustment was made, however, the 
top of the wire seemed to incline to the ea.st by the smallest api»reciable amount. In the day and evening 
oliservalions were made to determine su<:h of the instrumental errors as it was necessary to know. During 
this entire day the sky was cloudless, and everything gave promise of a fine day for the eclii»se. 

The morning of the 22<1 dawned with etjual promise. .\t 8 o'clock only a few- light and fleecy clouds 
were to In- seen in the sky. A little l>efore nine I observed the transit of fi Ursa; Minoris with the transit- 
instrument. IJut liefore I could get another obser\aiion clouds began to cover the sky, and an hour before 
the time of <:ommencemenl of the eclipse the southern heavens were covered with clouds, mist, and fog, 
which came in from the Atlantic. There was still much blue sky to be seen in the north, so that I thought 
I should have <lonc better to observe from the town. In another half hour this had also disappeared, the 
instruments had to \>e covered to protect them from the rain, and the i>ros]>ect seemed hopeless. But a 
short time before the commencement, fugitive glimjises of'the sun began to l)e obtained through the clouds. 
1 took my seat at the telescope and got a very good view of first contact at 22'' 52™ 35*, chronometer time. 



dwluceil from the <ili«rrvatiii 
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^l«llly enough lo 1 



irof t 



'■4 In the longitude of the moon ' 
inly within a fourth of a second, 
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This was the moment at which I began to see the limb ot the sun indented by the rough edge of the moon. 
The actual first contact must have occurred an appreciable time, probably two or three seconds, sooner. I 
then turned the eye-piece so that the R. A. wires of the eye-piece were at right angles to the chord of the 
eclipsed portion of the sun, and noted the moments at which the length of the chord was measured by certain 
wire intervals. These observations were rendered difficult and uncertain by the flying clouds, which would 
at one moment shut the sun off entirely and at another suddenly let him shine with full brilliancy. How- 
ever, I give the observations in cxtenso in the accompanying papers. 

Again the sun was completely hidden, and again the instruments had to be covered ft-om the drizzling 
rain. Half an hour before the total phase, when I wanted to measure the cusps, the clouds again partially 
cleared away, so that I was able to obtain several sets of transits of the cusps over the R. A. wires of the 
comet-seeker between and through the rapidly driving clouds. For this purpose, the eye-piece was restored 
to its vertical position by the notch made for that purpose. 

During the five minutes preceding the total phase the prospect of seeing the latter looked as dark' as 
ever. Once more, however, the clouds broke up at the critical moment. A minute or two before the dis- 
appearance of sunlight, what little was left of the sun appeared through the clouds, and I again turned the 
eye-piece so as to measure with the R. A. wires the length of the vanishing crescent, having first removed 
the cap from the telescope so as to see with the full aperture of four inches. But in the hurry and confusion 
of the moment I did not get a measure. I noticed, however, that when the crescent was reduced to about 
90°, the ends began to break off and disappear. This process went on with increasing rapidity until o^ 18™ 35* 
chronometer, when all that remained of the crescent was broken up throughout its entire length. The fi*agments 
thus formed disappeared one by one, and the last one vanished at o^ 18*" 37*. I judge that the true time of 
second contact should be considered about the mean of these two moments, or o** 18'" 36*. 

As soon as I had recorded the time of disappearance I put my eye again to the telescope. Instead of 
the gorgeous spectacle I witnessed in 1869, I saw only the most insignificant corona, although the full 
aperture of the telescope was used. Supposing that this was of course due to the clouds, I kept my eye at 
the telescope in hopes of their disappearance, still, however, scrutinizing the phenomena most carefully. I 
could not see the slightest trace of bright or dark points, rays, or filaments, the light everywhere seeming as 
soft and diffused as the zodiacal light. There were, indeed, as in former eclipses, great differences between 
the extent and brilliancy of the corona at different points, but all the parts seemed to shade into each other by 
insensible gradations. The protuberances on the eastern limb of the sun were numerous and brilliant, pre- 
senting the many fantastic forms which photography has rendered so familiar. But they presented no 
appearance of structure, as did the great protuberance in the eclipse of 1869. The light and color of all 
were sensibly uniform throughout their entire extent, and their outline was sharply defined. So far as I saw 
they were all of the red color so frequently described, a much brighter red than I saw at Des Moines. I 
cannot speak for minute differences of color or brilliancy, because I had not intended to make the protuber- 
ances a special object of scrutiny. 

I waited in vain through the few moments of total eclipse for the corona to be seen more distinctly, and 
observed the reappearance of sunlight under the impression that the clouds had prevented me from seeing 
more than a very little of the corona. But, after finishing my observations, Mr. Sprague and Mrs. Newcomb, 
both of whom were outside of my tent, agreed in testifying that the sky in the direction of the sun seemed 
quite free from clouds during the entire total phase, and that two stars were distinctly visible in the neighbor- 
hood of the sun. It is a little singular that while the two parties agree in describing the positions of the 
stars, their descriptions are not reconcilable with the positions of Venus or Saturn, the only bright planets in 
the neighborhood of the sun. I bring this forward as tending to fexcite suspicion that the corona is subject 
to very great changes of brilliancy, a suspicion, however, which can be removed or confirmed only by the 
observations of others. My own testimony is simply this: the corona of 1869, through a haze which ren- 
dered all but the brightest stars invisible to the naked eye, seemed to me many times more brilliant than that 
of 1870, seen through an atmosphere which permitted at least the brighter planets to be seen. 

The first ray ot returning sunlight appeared at o^' 20" 27", chronometer. It appeared at several pomts 
of the moon*s limb in such rapid succession that I could not designate an exact moment in which the crescent 
seemed broken up as it did 2* before the disappearance of sunlight. During the succeeding minute 
I succeeded in getting three measures of the length 01 the crescent, but they were by no means satisfactory. 

I then set the eye-piece into position for observing transits, and during the half hour following observed 
nine sets of transits very satisfactorily indeed. Clouds as thick as ever then intervened, but cleared away 
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chord during the few minutes preceding the 



again in time to allow 01 a very satisfactory set ol measures o 
last contact, and of the observation of lust contact. 

The failure of ihe longitude determination prevents me from giving a definitive reduction of my observa- 
tions, I have no knowledge of the manner in which the Admiralty longitude already quoted was determined, 
or whether it is sufficiently accurate for astronomical purposes. Assuming, however, that this longitude is 
correct, the computed and observed times of the phases, and the resulting errors of the difference of tabular 
longitudes of the sun anil moon, will be as follows : 



Phase. 


Green wicli limes, 


Local limes. 


Obs. limes. 


M 


.> 




), ,„. s. 


h. m. s. 


s. 


s. 


„ 


First coil lacl . . 


a 51 38.6 


ai 30 iS.s 


13.4 


- 1.8 


+ 0.7 


Seeond conlaa . 


17 40,8 


23 56 17.4 


'4-4 


- 3-0 


+ I.I 


Third conlaci . . 


19 39,8 


aj 58 6.4 


S.4 


- I.O 


+ 0.4 


Foiulh contact . 


I 46 47.6 


. 35 .4.2 


1S.4 


- S-8 


+ a.a 



to the longitude 

;. Comparing H 

which I ran sc£ 



if the moon derived from Peirce's 

insen's lunar with Le Verrier's solar 
reel)' believe the error of Hansen's 



iviih sucli preliminar)' reductions as 
which may serve to 



r these li 



This result would indicate a correction of +1' 
tables, supposing Hansen's tables of the sun to be cor 
tables, the relative correction will he — 6",4, an 
tables have reached. 

In the accompanying pajitrs I present die observations 
I have been able to make. They are as follows : 

A. The obsen'ed times of contact -ind the measures of chords r 
correct the latter, 

B. The observed transits of the cusps over the wires of the comet-seeker, made to determine the ditTcr- 
cncc of their right ascensions. To reduce these observations completely it is necessary to know the angle 
which the line ol motion of the instrument at any point makes with the meridL-m. This requires a knowledge 
of four constants, the errors of collimation of the two axes of the instrument, and the hour angle and polar 
distance of the point in the hea\ens toward which the polar axis of the instrument is directed. The obser- 
vations for this purjiose are given in C, 

D. The sextant observations for latitude of station, with a summary of the resulting values of the latitude. 
The error of eccentricity of the sextant being uncertain, a much greater weight has been given to the results 
of those dates when a north and south object were both observed, 

E. Sextant obsenations for correction of chronometer, made before the mounting of the transit, 
completely reduced. The result of December i6th is discordant to a degree I cannot account for; it is difficult 
to supjiose such a change to have actually taken place in the error of the chronometer. 

F. Obser\ations for index correction of sextant. 

G. Transits observed with Ihe transit-instrument, completely reduced. 

H. The observations for determining the constants pertaining to the transit -instrument. 

I. Exchange of signals with Profes.sor Hall at Malta, through the Falmouth, Gibraltar and Malta cable. 

A determination of the inclination of the separate wires of the comet-sccker is still wanting for the com- 
plete reduction of the transits of cusps, and the definilive determination of the path of the center of Ihe shadow. 
This cannot be done till my return, when I hope to present you with the dettniiive results of my observations. 

It has been my agreeable duty, both in this and in my preceding reports, to inform you of the numerous 
facilities and courtesies extended to me by Ihe authorities of Great Britain. I have only to add, in general 
terms, that nothing could exceed the cordial and friendly spirit with which the objects of our expedition were 
everj-wherc received and promoted by all the authorities and people of that country with whom it was my 
good fortune to come into contact. It is also just that 1 should acknowledge the indebtedness of the expedi- 
tion lo Mr. Horatio J. Sprague, United Stales consul at Ciibraltar, for his many exertions to secure il 
Very respectfully, your obedient s 



Commodore B. V. Sands, U. S. N,, 

Superintendenl U. S. Naval Obstrualory, U'lisfiiiigleri 



SIMON NEWCOMIi, 
Professor of Mathfmatia, C. S. N. 
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A. 
Observed chronometer times 0/ contact, and distances of cusps near the times of contcui. 



Chronometer times. 
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First contact. 
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The small remaining crescent broken up by 








its entire length. 
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The last point of sunlight vanishes. 
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Light reappears. 
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Note. — The measures of chord following first contact were rendered difficult and uncertain by thei continual passage 01 
flying clouds. 
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B. 

Transits of the sun's cusps over the R. A, wires of the comet-seeker to determine the difference of their right 
ascension, and thence their angle of position and the angle of position of the line joining the centers of the 
sun and moon, 

(Telescope east of axis.) 



Cusp. 




I. 

m. 
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III. 
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The eye-piece, with the diaphragm, was now turned back 90®, to observe the length of the small remain- 
ing crescent of the sun during the minute preceding the total phase. 

After the total phase, it was returned (as was supposed) accurately to its original position, and the transits 
of the cusps were again observed, as follows : 

At 

qIi 2^™ II* 

the line joining the cusps was parallel to the R. A. wires. 
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III. 
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XI. 




h. 


m. 


s. 


S. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


S. 





25 


49.0 


• • 


• • 


22.0 


• • 


• • 


20.2 


• • 


42.0 




4.5 


N. 





27 


• • 


• 


• 


« « 


• • 


• • 


• • 


30.5 




• 


52.7 




15.5 


S. 





<28 


49-7 


i 




"5 


• • 


33-8 


55.7 


19.5 






41.3 




4.0 


N. 





29 


0.2 


■ 




22.8 




• 


45.7 


9.0 


32.4 




. 54.2 




16.8 


S. 





31 


42.1 


I 




3 -.7 






26.0 


• 

49.4 


II. 8 






33.6 




56.0 


N. . 





31 


54.3 






16.6 






39-5 


2.5 


25.5 






47.3 




9.5 


S. 





34 


31.4 


« 




52.9 






15.3 


38.3 


I.O 






23.3 




45.6 


N. 

1 





34 


44.2 


< 




6.5 






29.2 


52.4 


15.3 






36.8 




59.5 


S. 





37 


24.7 


t 




46.8 




, . 


8.6 


31.5 


54.5 






• • 


27.6 


• • 


N. 





37 


37.7 






0.5 




^ 


23.0 


46.3 


9.2 






• • 


41.9 


• • 


S. 





40 


8.7 






3''>.3 






52.5 


15.3 


38.1 




. 


0.0 




22.0 


N. 





40 


22.0 






44.0 






6.6 


29.8 


52.1 






M-o' 




36.2 


S. 





42 


50.5 






12.4 






34.5 


57.5 


20.2 




. . 


41.9 




4.5 


N. 





43 


4.2 






26.4 






49.1 


12.0 


34.7 






56.4 




18.5 


S. 





45 


51.5 






12.9 






34.9 


57-8 


20.9 






42.0: 




5.0 


N. 





46 


4.6 






27.2 






49-5 


1^.5 


35-4 






57.0 




19.4 


S. 





48 


41.2 


1 




2.8 




1 
. . 25.0 


47.5 


10.5 






32.0 




54.5 


N. 





48 


54.5 






16.8 




' • 


390 


2.0 


25.0 




' 


46.2 




8.5 



It was now found that after the total phase the eye-piece was not returned accurately to its original 
position. While, before the total phase, the middle R. A. wire was very nearly parallel to the line of motion 
of the telescope in N. P. D., it was now found, by observation on a distant terrestrial mark, that the top of 
the middle wire deviated to the east by an amount which throughout the breadth of the field (about i**) 
amounted to 1 the distance of the closer wires, or about if\ making the change of inclination about o" 16'. 
The probable error of this estimate is about J^ its amount. 
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C. 

£:jeiM»£n^ <f cir:U: 7^- Ken UUxof^ i: fcinUJ on terrtitrial marks in rniruJ p:ii^Ki :/ the ittstrMtment^ 
usermsJU tJu cciRtnaiicm errcfri cf thy UUuof^ and the diclinaticn axis. -ikJ tke iKJex rrrcr cj the Jta 
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Tlori* r-ta/i*ni--. i'i-.t. for the index error ^ of the declination-circle. 
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'Vt,*: tfA\o*:nj£ rea/iing-j of the detJi nation <ircle. when the telescope was jiointed on the center of the 
ii-r.. mtT^ ma/!e to determine the error in the direction of the |X>lar axis of the instrument : 
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From these five observations it is concluded that the j)ole 01 the instrument was directed to a point 18' 
below and 25' east nrom the pole of the heavens. 

Rigorously the prece^iing observations suftice for the complete deiemiination of the angle which the line 
of motion of the instrument in declination makes with the meridian at any iK)ini. But. to have a check, on 
the correctness of the results, several transits of pairs of stars, near in R. A. but more distant in declination, 
were obser\'ed over the middle wire of the telescope, the pointing of the latter in R. A. remaining unchanged 
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between the transits 01 each pair. These observations were made on the night preceding the eclipse, and 
are as follows : 



Transit of /9 Ceti over middle wire 

Transit of e Piscium, telescope being moved in declination only 

Difference of mean times of transit 

Difference of sidereal times of transit 

• 

Difference of right ascensions of stars 

Amount by which the southern star passes too late .... 



Transit of ^ Geminorum . 
Transit of Sinus .... 
Difference of right ascensions 
Southern star too late 



Transit of a Andromedae 
Transit of y Pegasi . 
Difference of right ascensions 
Southern star too early . 



Transit of a Andromedae 
Transit of y Pegasi . 
Southern star too early . 
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D. 

Observations with Sextant for Latitude, 
December 15, 1870. — Double altitudes of the sun's limbs observed at the telegraph office. Inde*x cor- 
rection of sextant, + 20'^ Temperature 65®. Chronometer time of apparent noon, o^ 17" 36*, 



Chronometer. 


Limb. 
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sextant for 
double alt. 
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60 37 o. 

60 35 40 

61 40 25 
61 39 30 
61 38 50 
60 31 30 



Resulting 

mer. alt. of 

center. 



Result. 



n 



30 33 56 

30 33 57 

30 34 8 

30 34 12 

30 34 19 

30 33 50 



Mean observed meridian altitude. . 30 34 4 

0's south declination 23 17 24 

Altitude of equator. . . . . . . . 53 51 35 

Latitude 36 8 25 

Reduction to station — i 28 

Latitude of station 36 6 57 



Double altitudes of Polaris. Index correction, + 30^'. Temperature, 57®. 



Chronometer. 



h. m. s. 

10 10 30 

10 14 30 

10 16 40 

10 17 50 

10 19 20 

3— E 



Limb. 



Reading of 
sextant for 
double alt. 



n 



74 35 30 

74 35 o 

74 33 10 

74 32 30 

74 31 30 



Resulting 

mer. alt. of 

center. 



Result. 



O r ff 



h. m. s. 
Sid. time of mean of observations . 3 31 o 

Hour angle 2 19 2 

o t n 

Latitude 36 8 25 

Latitude of station 36 6 57 



i8 



OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



December 20. — Double altitudes of sun observed at Buena Vista, (eclipse station.) Inde^ correction, 
+ i8'^ Chronometer time of apparent noon, o^» 20™ 12". Refraction, 1/ 41^^ for upper, and 1^44" for 
lower limb. 



I 



Chronometer. 



h. m. s. 

o 24 53 

o 26 25 

o 27 40 

o 28 45 

o 29 37 

o 30 37 



Limb. 



U. 
U. 
U. 
L. 
L. 
L. 



Reading of 
sextant for 
double alt. 



Resulting 

mer. alt. of 

center. 



6i 27 10 

61 26 20 

61 25 15 

60 19 o 

60 18 10 

60 17 10 



30 26 22 

30 26 25 

30 26 22 

30 26 19 

30 26 16 j 

30 26 22 ; 



Result. 



Mean observed meridian altitude.. 30 26 21 

0's south declination 23 26 47 

Altitude of equator 53 53 16 

Latitude of station 36 6 44 



December 26. — Double altitudes of a Ceti and Polaris observed at the house of the American consul. 
Index correction, + 43'^ Correction chronometer for local mean time, — 22"* 23". 

a Ceii, 



Chronometer. 



h. m. s. 

5 20 

8 25 

10 28 

12 8 

13 35 



Reading of 
sextant for 
double alt. 



69 40 35 

69 30 15 

69 23 15 

69 16 45 

69 II 10 





iS 


50 


75 


2 


15: 




27 


5 


75 


2 


45 




29 


5 


75 


2 


50 




30 


40 


75 


2 


30 




33 





75 


3 


10 




36 


50 


75 


3 






Resulting 
latitude. 



36 




52 


36 




55 


36 




37 


36 




35 


36 




27 • 



Mean latitude 36 7 41 

Reduction to station ..... — i 8 



36 7 43 



^36 8 15 



Mean lat., giving half wt. to first obs. 36 8 12 
Reduction to station — i 8 



Latitude of station 36 7 



Summary of Results Jor Latitude oj Station, 



INDIVIDUAL RKSl'LTS. 



December 15. Sun, 
December 15. Polaris, 
December 20. Sun, 
December 26. a Ceti, 
December 26. Polaris, 



MEAN BY DATES. 



// 



// 



Latitude of station 36 6 33 1 



Tblaris, 



l^ 


6 


57 


December 15. 


2f> 


6 


57 


December 20. 


36 


6 


44 


December 26. 


l^ 


6 


Zl 


Mean, 


l^ 


7 


4 





2fi 6 



l(^ 6 



57 with weight 3 
44 with weight i 
49 with weight 4 

51 ± 4 
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E. — Sextant Observations for Correction of Chronometer, 



Date and 
station. 


Object. 


Limb. 


Chronometer 
time. 


Sextai 
reading 
double 


It 
for 
alt. 

n 


Geocentric 

altitude of 

center. 


Correction 
of chronom. 


Remarks. 








h. 


m. 


s. 





1 





/ n 


m. 


s. 




Dec. 14.9, 


Sun . 


U. 


23 


10 


43 


57 


37 


20 


28 


30 54 


— 22 


6 


Observations very uncertain, 


Telegraph 




U. 


23 


14 


25 


58 


2 


45 


28 


43 37 




13 


owing to bad definition of the 


Office. 




L. 


23 


15 


25 


57 


5 


20 


28 


47 29 




5 


sun*s limb in the haze. 






L. 


23 


17 


30 


57 


18 


30 


28 


54 4 




10 


Mean correction. — 22'"8«.5. 


Dec. 15, 


. Sun . 


U. 


3 


56 


9 


23 


19 





II 


19 10 


-1 22 


16.3 


Temperature, 68"*; index, +40". 


Telegraph 




U. 


3 


57 


29.5 


22 


54 


15 


II 


6 45 




16.3 


Mean correction, —22™ i6*.3. 


Office. 


• 


U. 


3 


58 


30.5 


22 


35 


50 


10 


57 27 




16.3 








U. 


3 


59 


38 


22 


15 


10 


10 


47 I 




17.3 








U. 


. 4 





34 


21 


57 


35 


10 


38 9 




16.3 








U. 


4 


5 


13 


20 


31 


20 


9 


54 45 


* 


18.8 








L. 


4 


10 


2 


17 


54 


10 


9 


8 3 




13.0 






a Lyrae . 


• 


6 


19 


30 


63 


45 





31 


51 14 


— 22 


18.0 


Temperature, do*"; index, -4-30". 








6 


24 


ID 


62 


3 


20 


31 


22 




14.8 


Mean correction, — 22™i6».i. 








6 


26 


24 


61 


15 


55 


30 


36 36 




16. 1 










6 


'29 


'15 


60 


14 


50 


3cr 


6 2 




15.6 


• 




Jupiter . 


• 


9 


54 


37 


"7 


7 


30 


58 


33 25 


— 22 


16.4 


Temperature, 57°. 








9 


58 


54 


118 


46 


45 


59 


23 4 




16. 1 


Mean correction, —22™ i6*.9. 








10 





25 


119 


21 


15 


59 


40 18 




19.4 










10 


I 


45 


119 


53 


10 


59 


56 16 




15.6 










10 


2 


56 


120 


19 


45 


60 


9 35 




16.8 




. 






10 


4 


4 


120 


46 


15 


60 


22 48 




17.0 










10 


5 


12 


121 


12 


xo 


60 


35 50 




17.2 






a Androm. 


• 


10 


29 


54 


85 


34 


50 


42 


46 38 


— 22 


16.0 


Mean correction, —22™ i6*.8. 








10 


31 


51 


84 


48 


30 


42 


28 28 




17.6 




Dec. 16, 


a Lyrae . 


• 


7 


54 


9-5 


30 





20 


14 


56 50 


— 22 


14.2 


Temperature, 57* ; index, 4-25". 


Telegraph 






7 


56 


44 


29 


10 


50 


14 


31 59 




14.0 


Mean correction, —22™ 14'. 6. 


Office. 






7 


59 


50 


28 


II 


35 


14 


2 14 




14.4 










8 


I 


39-5 


27 


37 





13 


44 52 




14.8 










8 


4 


36 


26 


41 


25 


13 


16 57 




15.7 




Dec. 20, 


Sun . 


U. 


3 


50 


59 


25 


28 


10 


12 


23 56 


— 22 


19.8 


Temperature, 59° ; index, 4-18". 


Eclipse 




u. 


3 


56 


58 


23 


39 


25 


II 


29 15 




19.2 


Mean correction, —22™ 19*. 1. 


Station. 




u. 


3 


59 


25.5 


22 


54 


5 


II 


6 27 




18.3 





F. — Observations for Index Correction of Sextant. 

Each result is generally the mean of two observations. 









Readings 


1 
1 


Date. 




Object.' 








Correction. 












1 


"Off" arc. 


**0n" arc. 




d. 


h. 




t II 


/ 


II 


II 


December 14, 


23 


Sun . . 


359 27 


32 


50 


4- 5 


15, 


I 


Sun . . 


359 26 5 


33 


15 


4- 20 




4 


Tower*. 


359 47 25 


10 


42 


4- 40 




II 


Jupiter . 


359 59 5 


359 55 


55 


4- 30 


20 





Sun . . 


359 27 12 


32 


12 


4- 18 


26 

• 


7 


Moon . 


359 27 58 


30 


37 


4- 42 



* Measures of the width of the signal tower, about 4,000 feet distant t Correction for paralUx — xe"i 
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G. — Transits ^served with the D-ansit Instrument at the Eclipse 



1 


Dale. 


Object. 






D. 

IS 

r 


Seconds of transit over wires. 


Resulling li 


« 


Level em- 


Level in- 




.■ 


9. 


3- 


4. 


5- 


6. 


7- 


middle wire. 




1870. 






5. 


s 


s. 


a. 


s 


s. 


,. 


h. m. s. 




d. 


I 


Dec. 20 


Polahs .... 


w. 








30.0 


3t 






7 37 30-0 


A 


3.0 E. 


3 




Pisciuni . 






w. 






40. 8 




ag. 


SO. 7 


11,3 


8 4 7 


6 


A 


3.0 E. 


3 


SO C ass i apex 






w. 




■■ 


52.1 


l.o 


9- 






8 "7 59 


9 


A 


8.6 E. 


4 




fi Ccli . . 






w. 


.... 




39. S 


I- 


II. 7 


43.5 


8 31 39 




A 


I0.4 E. 


5 




< Cassiope'C 






w. 






2.3 


5S-5 


50. 


44.0 


36. s 


8 43 55 




A 


6.0 £. 


6 




3 Ceii . . 






E. 










13. 


0-7 


S-o 


9 3 I 






8.sE. 


7 ! 


a Ceii . . 






E, 


50. Q 


10. 


31.8 


53-7 14- 


3S.S 


57-3 


9 W S3 


. 




8.0 E. 


s 


a Persei 






E. 


46,0 


^■ 


5'- 3 


24-5 


56. 


38.5 


2.0 


9 40 34 






3.0 w. 


9 1 ai 


j) Ariois . 








S7.7 








37- 




13.0 


8 9 5 






a.sE. 


10 ! 


a Ariciis . 










40. 


4.0 


27.8 


50. 


13.0 


36.3 


8 31 27 




A 


6.1 E. 


II 


' Cassiopc;c 










iS. 


"■3 


7.0 


59- 


53-7 


47.7 


8 40 G 






a.gE. 


13 


S UrsaMinoris 


S. 


P. , 












36. 


55-3 




8 48 55 






4.7 w. 


■'t 


a Ceii . . 






W. 


50.5 




82.4 






3S.8 


56,3 


9 16 53 






4.3 w. 


14 ; 
^5 


C Ariel! •! . 
Petsei 






W. 

w. 


48.0 




28.3 




5- 


37.7 


57- S 

g-3 


9 28 50 
9 Tfy 3a 






4.2 w. 
7.9 E. 


16 


32 


n Persei . 






E. 












33.0 


II. 


9 32 33 




B 


1B.2W. 


17 




11 Tauii . . 






E. 






47- S 


10.5 


33- 




M.3 


9 S7 10 




A 


6.4 w. 


,s 




J. Eridani . 






E. 


0.5 


34. 


56.3 


18.7 


39- 


1-7 


13.8 


10 9 18 




A 


4.1 w. 


., 




J Tauri . . 






W. 






. . [40.5 


3. 


»4.7 


46.3 


to 29 40 




A 


18.5 w. 




a Tauri . . 






W. 




58. 


3..042.8 


s. 


a7.o 


48.6 


10 45 4a 




A 


4-2 W. 


ai 1 


cAuriRiB . 






w. 


30. s 


55- 


ai.a 


4fi.o 




37.0 




11 5 46 




A 


9.4 w. 


M 


t UrsseMinoris, S.P. . 


w. 








41.0 








II 15 41 




A 


3.5 w. 


33 


23 


™ Lync . . 






w. 


8.S 


36. 


a. 5 


aS.s'sG, 


a3.4 


49.6 


47 21) 




A 


10.8 E. 



NOTES. 

I. Tlie two wires are diacardant by 39*. and the observaiion is not used. 

9. Bcfure this observation the transit wires were found far from vertical, though ihcy had been carefully adjusted o 
: I7lh. Tiicy were ruadjusled, and, on examining the cullimation by reversal on a distant object, the middle wir 
IS found too near the clamp side of the instrument by an amount estimated at o*.lo or o*.ia. 

3, 19. Before each of these observations (he azimulh was accidentally changed by moving the arimuth-scrcw. 
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Station to cUtermine the error of the Chronometer on Local Time, 



Number. 




Correcti 


on 


for— 


Minutes and 

seconds of 
transit over a 
vertical circle. 


Computed mean 

time of transit 

over meridian. 


Difference. 


Coefficient 
of azimuth. 


Adopted 
azimuth. 


Correction of 
chronometer. 


Coll 


imation. 


Level. 




s. 




s. 


m. s. 


h. m."' s. 


m. s. 






s. 


m. s. 


I 




o.oo 


— 


4.0 


37 26.0 


7 15 12.0 


— 22 14.0 


— 


32.6 


4- 0.50 


— .22 30 : 


2 




o.oo 


— 


o.i 


4 7.5 


7 41 46.9 


20.6 


4- 


0.47 




20.4 


3 




o.oo 


— 


1.5 


17 58.4 


7 55 38.7 


19.7 


— 


1.8 




20.6 


4 




o.oo 


— 


0.6 


31 38.6 


8 9 17.2 


21.4 


4- 


0.47 




21.2 


5 




o.oo 


— 


0.9 


43 54.7 


8 21 34.3 


20.4 


— 


1.3 




21.0 


6 




o.oo 


— 


0.5 


2 0.9* 


8 39 39-6 


21.3 


4- 


0.55 




21.0 


7 




o.oo 


— 


0.5 


20 52.9 


8 58 31.8 


21. 1 


4- 


055 




20.8 


8 




o.oo 


+ 


0.3 


40 24.7 


9 18 4.0 


20.7 


— 


0.35 




20.9 


9 


— 


0.32 


— 


0.17 


9 4.7 


7 46 45.5 


19.2 


4- 


0.29 


— 5.00 


20.7 


lo 


— 


0.32 


— 


0.42 


21 26.7 


7 59 6.8 


19.9 


4- 


0.25 




21. 1 


II 


— 


0.5 


— 


0.4 


40 5.9 


8 17 38.3 


27.6 


— 


1.30 




21. 1 


12 


+ 


1.2 


— 


0.5 


48 55.7 


8 26 54.2 


1.5 


4- 


3.90 




21.0 


13 


+ 


0.30 


-f- 


0.23 


16 53.9 


8 54 35.9 


18.0 


4- 


0.55 


— 6.30 


21.5 


14 


4- 


0.32 


H- 


0.28 


28 50.8 


9 6 31. I 


19.7 


4- 


0.29 




21.5 


15 


+ 


0.45 


— 


0.79 


36 31.8 


9 14 8.1 


23.7 


— 


0.36 




21.4 


i6 


— 


0.45 


-h 


1.55 


32 34-5 


9 10 12.2 


22.3 


— 


0.36 


— 2.90 


21.3 


17 


— 


0.32 


H- 


0.45 


57 II. 


9 34 49-7 


21.3 


4- 


0.24 




22.0 


i8 


— 


0.31 


-h 


0.18 


9 18.4 


9 46 59.5 


18.9 


4- 


0.79 




21.2 


19 


-f- 


0.32 


+ 


1. 41 


29 42.3 


10 7 22.6 


19.7 


4- 


0.36 


— 6.30 


22.0 


20 


-f 


0.32 


4- 


0.30 


45 43.2 


10 23 24.0 


19.2 


4- 


0.35 




21.4 


21 


+ 


0.36 


4- 


0.75 


5 47.1 


10 43 25.2 


21.9 


4- 


0.06 




22.3 


22 


— 


2.2 


— 


0.6 


15 38.2 


10 53 56.5 


- 21 41.7 


4- 


6.50 




22.6 


23 


4- 


0.39 


— 


0.87 


47 28.6 


25 6.2 


— 22 22.4 


— 


0.05 




22.7 



NOTES. 

22. On the following morning the coUimation was examined by reversal, and the middle wire found too near the 
clamp end of the axis by 0^031 of the azimuth-screw. The observation was made in sunshine. The results for chro- 
nometer error seem to show that this collimation is fictitious; but, as the error will be eliminated from the mean of 
observations made in both positions of the instrument, I have made no change in the result. 
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H. 
IM^rminatioh of Constants pfftainin^ to the Tninsit-Instrunient, 

Ciilling wire I that nearest the clamp end of the axis, the eight transits obsen-ed over both wires, I and 
IV, were taken, and the observeil intervals separately reduced to the equator by multiplpng them by cos ^. 
'I'he sjune thing was done with the ten transits observeii over wires IV and VII. The results were: 



s. 



VII 


IV = 


63.28 


IV — 


1 = 


6334 


VII 


I — 


126.62 



The internuHlirtte wires were determineii by means ot the azimuth-screw of the instrument. The latter 
iH'ing |Kiintetl on a distant mark, the readings of the screw for coincidence of the several wires with the mark 
were as follows : 



ires. 


Micrv^m. 


IntorvaU. 

• 


Intcr\*al$ 
in time. 


' Reduction of 
each wire 
to IV. 




'. 


• 


jf. 




J. 


1. 


ao. Soc» 


n»ai> 


21.56 


1- 


^^•354 


II. 


lu.iS^ 


1.500 


21.17 


<f- 


41. Q5 


III. 


1: 5^ 


1 . 563 


20. Si 


-^ 


20.? I 


IV. 


ift.ojijt 


! 1.627 


2I.C»7 




O.CK> 


V. 


14.400 


1 

1. 5^ 


21. CK) 


— 


21.67 


VI, 


I2.S22 


1.52s 


ai>.ji4 


— 


42.76 


11. 


11. >M 


1 




■^^ 


^3.IO 



KrvMtt the hrsi and Ust of these rvadings i> concluded : 



Vll — I=9^5i2=i26*.62 
I* — I3*.3i2 



,ind the intervJiU And wvluoiions to middle wiix* juw thence deduciexl. 

To tmd the value %.>f ^viic ifxoluikHi v^f the lewKscrew, the insimment wasi fa>ienevi in :i> V's bv on 
eU«x* ovvxl, and the sijiik) was then ii|>i^ over so that the level-Mrrew wus horLronial. The lollowin^ ihneit 
int<naV< »efv then de:ernune\i in the ^me may m-iih :ha: employev! in inve>r.*:a::ni: the i--imu:h ^crew ; 



U— I 
III— a 
IV — III 



I- ^^^ : ^Uaenfoce trv^m oiimuih ><Tem=. 
I* xCSi : dinewoof &v>m xdmuth scitw =- 



«i . <k • t 

* '•4* 



Frsx» xKss fei K\>cs:>j<k>l. 



4^c<sr — 6^;».54 
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The Spirit- Levels, 

These were put upon the axis of the instnimcnt in succession, and their bubbles were read in different 
positions of the level-screw, as follows : 





Level B. 




Level A. 


Level screw. 






Level screw. 
















W. 


E. 




W. 


E. 


r. 


d. 


d. 


r. 


d. 


d. 


.109 


28.0 


77.0 


.235 


55.5 


82.0 


.210 


45.5 


58.5 


.350 


79.0 


57.8 


.300 


60.0 


43.0 


.250 


56.0 


80.0 


.100 


20.0 


83.5 


.370 


81.5 


55.0 


.300 


57.0 


45.5 


.240 


51.5 


84.0 


.400 


74.0 


28.0 


.400 


85.5 


49-5 


.lOO 


15.0 


88.0 









Having regard to the value just found for one revolution of the level-screw, it is concluded that 

One division of level A=o*.o65 
One division of level B;=o".o72 

I. 
Exchange of Signals with Professor Hall at Malta ^ through the Falmouth^ Gibraltar and Malta Cable, 

December 15. 

A signal was sent every fifteen seconds from 4^ 45™ o' to 4^ 50™ ©•, chronometer time, but the signal 
which should have been sent at 4^ 49™ 45* was half a second late. 
Signals from Malta were received at the following times : 



h. m. 


s. 


h. 

• 


vs. 


S. 


4 52 


47.1 


4 


55 


2.2 


53 


2.4 
17.4 

32.4 






173 
32.4 

47-3 




47.3 




56 


2-5 


54 


2.5 
173 
32.3 






173 
32.2 

47-4 




47-3 




57 


2.4 



17.4 



Next morning, 
to 23'' 37" o». 



ing, December 16, civil time, signals were sent to Malta every fifteen seconds from 23** 32™ o" 
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Signals from Malta were received as follows : 



h. m. 


s. 


h. 


m. 


s. 


23 39 


18.7: 

32.7: 

48.0: 


23 


42 


3-2 

18.0 
330 


40 


30 






48.1 




17.9: 




43 


3-2 




330 






18.3 




48.1 






33-2 


41 


3-2 






48.1 




18.2 




44 


30 




33-2 






18.3 




48.1 









Note. — The signals were sent by pressing a key simultaneously with the proj)er beat of the chronometer. ITiey were 
received by having an operator strike a key as soon as he saw the motion of the image reflected from the mirror of the galvanom- 
eter. The time of this stroke was noted by the observer at the chronometer. 
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REPORT OF PROFESSOR HALL, V. S. N. 



United States Naval Observatory, IVashingtan, Ffbniary 17. 1871. 

Sfr: I have the honor to submit the following report of my observations of (he solar eclipse ol" 
December 22. 1870. 

I left New York November 2, on the Cunard steamship China, and, arriving at Liverpool November 
13, proceeded thence by the way of London to Southampton, and from that port by the steamship Poonah, 
of the Peninsular and Oricnlal Line, to Malta, and from Malta by the Florio steamer to Syracuse ; arriving 
at Syracuse December 8. I returned to Malta December \2. and remained there four days for the purpose 
of exchanging telegraphic signals for longitude with Professor Newcomb at Giliraltar, and with Professor 
Harkness at Syracuse. 

We left Syracuse the day after the eclipse, and, passing through Italy and Central Europe. I returned 
to Kngland by the way of Osiend and Dover. Leaving Liverpool January 21, I arrived at Washington 
Februarj' 3. 1871. 

I wish to express my sincere thanks to Signor Nunzio Stella, the American consular agent, and to the 
civil and military authorities of Syracuse, for their kind attentions to our party, and for (he facilities afforded 
us, I am indebted also to Signor Bisani, the Knglish consular agent, for his assistance. 

At Malta I was under great obligations to Mr. Lyell T. Adams, our consul, and to Mr. B. Smith and 
Mr, Edward Rosenbusch, supcrintendenls of the telegraph offices in Malta. It was only through the energy 
and skill of Mr, Rosenbusch that we were able to make the telegraphic connections between Malta and 
Syracuse. I have to offer my thanks to Messrs, Pisani, Porteili, Famiueir, and other gentlemen connected 
with the telegraph offices, for the assistance rendered me in exchanging the signals. To Mr. Pisarii I am 
also indebted for assistance in my time observations. I am under special obligations to Captain fi, L, 
'lupman, of the Royal Marine .'Vrtillery, who assisted me in many of my sextant observations, and who fur^ 
nished me with much local information. M. Berthet. optician at Valetta, very kindly allowed me the use 
of his fine transit-instrument. The whole party is much indebted to the Messrs. Negus, of N'ew York, who 
furnished us with excellent chronometers. 

THE ECLIPSE. 

My observing station in Syracuse was on the " Bastione San Filippo," a little north of the gate " Prima 
Porta Terra." My telescope was a comet-seeker by Ploessl, with a 3li-inch object-glass and a magnifying 
power of about fifty. The following are my observations of the times of contact and the bisections of solar 
spots. The times observed are those of the chronometer Negus taaS, and were observed with a dark 
glass at the eye-piece except those of the second and third contacts, or the beginning and end of total 
eclipse, which were observed without the shade : 



Object. 


Ch. Negus I32S. 


Chron. corr. 


Local M.T. 


Notef. 


Firsicontaci . . . 

Spot J 

Spot/ 

Spt.1 ,* 

Spot « 

Spot " 

Spot ."I 

Spot P, 

Second contact . . 
Third coniaci . . . 
Foutih contaa . . 


b. m. a 
11 37 35 
.1 43 16 
51 
n 6 
33 37 
34 46 
37 37 

38 5 

1 4 

3 31 so 


5 
S 


h, m. s 

-t- I 38 

I 3S 

I 38 
■ 38 
. 38 
I 38 
1 38 
I 38 
+ I 38 


° 


h. m. s. 
38 tj.o 

43 54-0 

1 I 29. Q 
I 13 44.0 
I 34 5.0 

I 3s n.o 

I 38 is-o 
1 58 43.0 
3 a SS-S 
3 4 38.0 
3 " 58.5 


Fair. 

Fair. 

F>ir. 

Good. 

Good. 1 

Good. 

F»ir. 

Fair. 

Good. 

Poor. 

Fait. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER sa. 1870. 



The annexed diagram of the solar spots was made about an hour before the beginning of the eclipse, and 
will serve to identify the spots observed. The observed 
times of contact agree very closely with those com])iiied 
from the data of the American Ephemeris, the longitude 
of Syracuse being assumed 38—6" 9™ 25', 6; but as our 
altempl to determine the longitude of Syracuse from 
(ireenwich was unsuccessful, on account of a break in the 
submarine cable between Gibraltar and England, no 
accurate comparison with the tallies can be made. Assum- 
ing, however, that the longitude of Gibraltar is tolerably 
well known, our telegraphic connection with that point 
enables us to determine the longitude of our observing 
station at Syracuse- In this way Professor Harkness 
finds for the longitude cast of Washington 
6'' 9" 27".8 

By combining the results of all the sextant observa- 
tions, Professor Harkness has deduced as the must probable 
value of the latitude of our station 




1 have adopted therefore 



= +37°3'52"-6i2".9S 



= + 37° 3' 53" 
= -6"9'"27-.S 



nd a conipii 



11 (rom the data of the American Epiienieris gives the following times of c 



Phase. 


ComputtdiimL's. 


Observed limes. 


Al. 




h. m. s. 


h. m. 9. 


a. 


First coniari . . . 


38 19.1 


38 13.0 


+ 6. a 


Second conlicl . . 


2 3 5.1 


a a ss-s- 


-1- 9.6 


Third contact . . . 


2 4 461 


2 4 38.0 


+ 8.1 


Fmmh cofltaa . . 


3 12 8,0 


3 " 58.5 


+ 9-5 



The following diflerential equations will serve for computing changes in the limes of contact produced 
hy small changes in the position of the observing station : 

(//= — o.oi4i/<p — i-S^S '^K first contact. 
1//^ — o.oi4i/y> — 1,509^ second contact, 
rf/^ — 0.014 i/f — '■423'''*. third contact, 
;//;= — o,ot4'/p — i.joo.Z-i, fourth contact, 

iff being expressed in seconds of arr, and //X in seconds of time. The value of p is su]»iK)seil 10 increase 
jwsitively toward the north and that of i toward the west. 

The times of contact computed by Signor Agnello, of the Palermo Obervatory. are on an average 
25 seconds earlier than those which I have computed, except ihc time of first contact, which is 88 seconds 
later, evidently a misprint or the result of some error of computation. Signor Agnello's data is that of the 
Knglish Nautical Almanac. 

My chief purpose during the total eclipse was to observe the structure of the corona, with special 
reference to the curved and radiating lines seen in previous eclipses, but the condition of the sky was such 
that this observation was unsatisfactory. During the last quarter of an hour of the first partial phase it 
appeared hopeless that the total eclipse would be visible, the sun being covered by a thick cloud. This 
cloud, however, had a slow motion upward and toward the east, and a few minutes before totality the nar- 
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row crescent of the sun apjieared through the clouds. Oi\ account of these clouds I was a|jle to take off 
my colored glass shade and watch the dLsappea ranee (jf the sun without any protection or inconvenience to 
the eye. The apparent diameters of the sun and montj being nearly equal, the bright crescent became 
extremely long and narrow, and broke up into bits and fragments, but I noticed no color nor anything 
remarkable before the disappearance of the last long, thin remnant. After recording my observed time of 
the beginning of total eclipse I pointed the telescope to the east limb of the moon and swept around toward 
the south back to the starting point. I should not estimate the extent of the corona to be more than five 
or ten minutes from the limb of the moon, but the clouds make this estimate quite uncertain ; and with 
regard to the form or outline of the corona it could not, I think, be observed with accuracy. The appear- 
ance of the corona in the telescope was thai of a soft, white, diffused light. There was very little appear- 
ance of the radiating lines shown in many pictures, and I saw no curved sireameis. Near the southwestern 
point of the moon there was apparently a deep opening in the corona, reaching nearly to the limb of the 
moon, but on account of the clouds this opening was very indistinct. 

.\fter sweejjing around the moon I pointed the telescope on one of the large protuberances near the 
eastern hmb of the moon, but could see nothing of the spotted or cellular appearance seen by Professor 
William A. Rogers in the eclipse of August 7. 1869. The protuberances, which were very numerous, were 
uniformly of a dull pink color. Then having some fifteen or twenty seconds to spare, 1 looked at the 
eclipse with the naked eye. The moon was still covered with the light and shifting clouds, but as they 
were rising and passing toward the east the lower and southwestern part of the moon was much the clearer. 
At this point the corona was quite bright, and here several delicate streamers shot dosvn to the distance of 
eight or ten tiegrees. There was no color, and to the naked eye the corona appeared, as in the telescope, of 
a soft, white light. Putting my eye hack to the telescope I observed the first reappearance of the sun 
through a deep notch in the moon's limb. This a little disturbed me antl made my observation of the end 
of totality somewhat uncertain. 

The darkness during total eclipse was much less than during the eclipse of August, 1869, As the 
totality approached it became quite cold, and a strong wind arose, but as my telescope had a solid, firm 
mounting, the wind gave me no trouble, I did not see the planet Saturn, which was a little north of the 
moon, but my attenrion was not specially directed to the discovery of the planet. 

The general appearance of the total eclip.se was something as follows: The black moon in the center 
surrounded with a narrow rim of l>right light a ([uarteror half a minute in thickness. Above this rim rose 
the dull pink-colored protuberances, and beyond these extended the white corona, the whole making a very 
beautiful sight. I refrain from attempting to make any picture of the eclipse. On account of the sudden- 
ness, the beauty and grandeur of the phenomena displayed, it is very difficult to make a correct picture by 
hand-sketching ; and so much must the memory be relied on, and so great is the opportunity for the play 
of tlie imagination, that I can have but little faith in such pictures. Photography appears to furnish the 
only means of making a truthful picture. At Syracuse we were fortunate in having the companionship of 
three English observers, Messrs. Brothers and Fryer, of Manchester, and Mr. Griffith, of Harrow. Messrs. 
Brothers and Fryer obtained several p>hotographs of the total eclipse, and one which was understood to be 
very satisfactory. 

At the instant of the beginning of total eclipse 1 noticed in the telescope an appearance that it may 
be worth while to describe. The protuberances darted quickly into view, and there was a flashing back of 
the sunUght, and, an apparent mingling of red and white light that was very striking. The appearance was 
somewhat like that given by Mr. Oilman in his picture of the eclipse of 1869, but it was, 1 think, an optical 
illusion, for after recording my time and putting my eye again to the telescope the appearance was entirely 
gone. 

With regard to the long streamers seen near the end of totality. I had the impression when seeing them 
that they were not of the corona proper, but were produced in the earth's atmosphere. This impression was 
caused, perhaps, by the proximity of the clouds, and by the resemblance of the streamers to the phenomenon 
commonly spoken of as the "sun's drawing water," only the streamers were much more delicate and more 
like what we see sometimes in our atmosphere on a hazy day. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



SEXTANT OBSKRVATIONS. 

I give below the observations for time and latitude made at Malta and Syracuse with the Pistor & 
Martins patent sextant No. 107. The altitudes were observed by my.self, and the times at Malta by Captain 
Tupman and Mr. Pisani ; at Syracuse by Professor Eastman, Cai)tain Tupman, and myself. In the column 
of dates I have placed the initials of the observers. It should be stated that the observations at Malta, until 
December 15, were made with the low power, as the colored shade had become so firmly fixed to this teles- 
cope during the transportation of the instruments that I did not succeed in removing it until the evening 
of December 14. 



Results. 



Malta. 



(//-z +0.1250 t/A -fo.O')4i i/o 

h. m. s. s. 
Sr=-\-o 57 29.010.28 

Red. — 4- 0.6 



Date. 


Chronom 
!i. m. 


1 
. 1228. 

s. 


Sex 


lant R. 


Corr. chr 
and lati 

h. m. 


onom. 
tude. 


1870. 


/ 


/( 


s. 


Dec, 12. q 


7 


58 


4i>.5 


34 


29 





+- 


57 


30.0 


1 1 . T. 


7 


59 


37.7 


34 


44 


y> 






29.5 




8 





25.6 


34 


57 


40 






30.1 




8 


I 


45.2 


36 


25 


10 






26.3 




H 


3 


47.5 


36 


56 


40 






28.6 




8 


5 


8.1 


37 


18 


30 






29.3 




8 


6 


29.2 


37 


39 


30 






27.5 




8 


7 


44.4 


38 





50 






31.0 




8 


8 


22.2 


38 


10 


10 






30- 5 




8 


9 


35.2 


37 


23 


50 






28.7 




8 


12 


46. 1 


38 


13 


40 






29.0 




8 


13 


37.7 


38 


26 


20 




1 


26.9 


Dec. 13.0 




58 


43 


61 


21 


30 


+ 35 


52 


ip 


H. T. 




59 


15.5 


61 


22 


50 






A(^ 


1 




59 


49 


61 


22 


10 






62 









32 


61 


21 


20 


1 




78 






I 


14.5 


62 


27 


40 






31 






I 


49.5 


62 


27 





1 




41 






2 


27.2 


62 


26 


40 






4^ 






3 


12 


62 


25 


3^ 






60 






3 


51.5 


62 


25 


10 






56 






4 


24.2 


62 


24 


40 






56 






5 





62 


24 


20 






51 


, 




5 


34.5 


62 


23 


30 






59 






6 


8.5 


61 


n 


40 






66 






8 


10 


61 


15 


50 






49 






8 


41.2 


61 


15 


10 






50 






9 


7.2 


61 


14 


30 


h. 


m. 


50 
s. 


Dec. 13.9 




42 


48.5 


30 


52 





-+- 


57 


29.8 


H.T. 




43 


21.7 


31 


I 


5*> 






31.0 


1 
1 




43 


50.6 


31 


9 


40 






29.2 






44 


36.2 


30 


17 


10 






27.0 






45 


15.3 


30 


28 


10 






26.4 






45 


46.5 


30 


37 









26.0 






46 


390 


30 


52 


10 






26.7 






47 


25.6 


31 


5 


20 






26.3 






48 


10.5 


31 


18 


40 






28.5 






48 


47.8 


32 


34 









27.8 


1 
1 




49 


22.2 


32 


44 


50 






31.8 


1 

1 




49 


49.2 


32 


52 


10 






30.7 



<r>= + 35 52 55±3.o 



f//=-l-o. 1165 ,/A f-0.0825 </«* 

h. ni. s. s. 
A<-=-fo 57 28. 4 ±0.39 



REPORT OF PROFESSOR HALL. 
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Sextant Observations — Continued. 



Date. 


1 

f 

Chronora 


. 1228. 


Sextant R. 


Corr. chronom. 
and latitude. 

< It 
+ 35 53 f>f> 


' 1870. 
' Dec. 14.0 


h. 

5 


m. 

53 


s. 

52 



61 


9 


20 


H. P. 


5 


55 


12 


61 


8 





(n 




5 


55 


46 


61 


8 


10 


40 




5 


56 


29 


62 


12 


10 


54 




5 


57 


I 


62 


II 


40 


49 


1 


5 


57 


30 


62 


II 


20 


41 




5 


58 


23 


62 


8 


50 


77 




5 


58 


45 


62 


8 


50 


O4 




5 


59 


18 


62 


8 


20 


55 




5 


59 


57 


61 


I 


40 


70 




6 





29 


61 


I 





65 




6 





56 


61 








72 


Dec. 14. 1 




43 


30 


37 


34 


10 


1 
h. m. s. 
-1- 57 26.1 


H. P. 




44 


13 


37 


22 





30.9 


. 




46 


14 


37 


50 


40 


29.4 






46 


53 


37 


45 


50 


27. S 






47 


50 


37 


31 





26,9 






48 


18 


37 


23 





29 . 2 ' 






49 


37 


37 


2- 


10 


28.5 • 


, 




51 


49 


36 


43 


30 


26.4 




I 


53 


8 


36 


5 


20 


29.0 






53 


43 


35 


55 


40 


29.7 






55 


56 


34 


23 


30 


26.8 






5^ 


44 


34 





40 


32 3 


1 




57 


6 


33 


55 


20 


29.7 


H. T. 


2 


7 


?2.7 


30 


54 


30 


31.0 


• 


2 


8 


30.3 


30 


44 


40 


28.0 




2 


10 


28.1 


31 


17 





24.3 




2 


II 


20.0 


31 





10 


30.9 


Dec. 14.9 




35 


38.0 


27 


26 


30 


-h 57 24.8 


H. T. 




36 


20.5 


27 


39 


40 


27.0" 


, 


7 


36 


54.2 


27 


48 


30 


23.3 


1 




37 


54.5 


28 


7 


40 


28.4 


1 
1 




41 


20.0 


30 


13 


50 


32.0 


I 




42 


7.2 


30 


27 


20 


32.6 






43 


25.1 


30 


47 


50 


25.9 






44 


35.5 


31 


10 





32.4 






45 


44.1 


31 


28 


30 


28.6 






46 


15.2 


31 


37 


20 


28.4 






46 


42.0 


31 


45 


20 


29.7 






47 


19.8 


31 


56 


10 


29.9 i 






48 


20.5 


31 


7 


40 


27.2 






49 


2.5 


31 


18 


50 


24.6 






49 


40.2 


31 


30 





26.4 






50 


28.3 


31 


43 


40 


26.9 



Results. 

Malta. 

Times by Frodsham watch 191 5 

h. m. s. 
Chr. 1228, II 27 o 

Fr. 1915, 6 15 28.4 

'1 t It It 

^=+35 54 o±2.3 



^/=:— 0.1222 dh —0.0903 d<^ 

h. m. s? .s. 
^^=-1-0 57 28. 6 ±0.34 



d'/=4 0.1155 dh -fo.0811 d^ 

h. m. s. s. 
ts,c— -ho 57 28.o±o.47 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



Srxtarit ObsciTaihms — Continued. 



Date. 



Chronom. 1228. 



Sextant R. 



1870. 


h. 


m. 


s 


Dec. 15.0 


5 


27 


10 


H. P. 


5 


27 


51 




5 


28 


44 




5 


40 


21 


1 


6 


3 


6 




6 


23 


41 




6 


24 


9 




6 


24 


4^ 



60 45 50 

60 47 10 

60 48 40 

61 4 o 
61 55 10 
60 52 30 
60 50 10 
60 47 40 



Dor. 15. 1 ] 


f 35 


30.5 


40 


43 


.40 


H. P. 1 


t 36 


1-5 


40 


35 







[ 36 


34.5 


« 40 


27 


10 




t 37 


7.0 


40 


20 







[ 38 


30.0 


38 


52 


40 




t 38 


53-0 


38 


47 







f 39 


15.5 


38 


42 


10 




[ 39 


50.5 


38 


32 


30 




[ 40 


32.5 


38 


21 


20 




t 41 


23.0 


38 


7 


50 




[ 41 


58.0 


37 


59 


20 




[ 42 


58.0 


37 


43 


50 




f 43 


44-5 


38 


36 


40 




f 44 


25.0 


38 


26 


30 




f 45 


40.0 


38 


6 


30 


; 


t 46 


10.5 


37 


59 


30 



Corr. chronom. 
and latitude. 



H-35 54 



I 
14 

23 
27 
27 
25 
35 
34 



h. m. 
-h o 57 



s. 
28.1 

31.3 

2Q.6 

25.3 

30.5 

29.4 
26.2 

28.9 

30.7 
32.6 

30.6 

■30-6 
29.8 

28.3 
30.1 
26.0 



Results. 



Malta. 

h. m. s. 
Chr. 1228, II 47 o 

Fr. 1915, 6* 35 24.0 
^-4-35 54 23±2.7 



at——o. 1297 ah — o. 1002 do 

h. in. s. s. 
Ar=-fo 57 29.2io.34 



Dec. 15.9 


7 


-45 


4S.2 


31 


16 


50 


-f 57 28.1 


H.T. 


7 


46 


47.1 


31 


34 


20 


30.4 




7 


47 


20.2 


31 


43 


10 


28.4 






47 


43-2 


31 


49 


50 


28.8 




1 


48 


28.0 


30 


58 





30.3 




7 


49 


0.0 


31 


7 





30.1 




7 


49 


25.6 


31 


13 


50 


28.6 


1 


7 


49 


48. 5 


31 


20 


30 


29.3 




7 


50 


36.7 


31 


33 


40 


27.7 




7 


51 


8.2 


31 


42 


50 


28.9 


> 


7 


51 


35.8 


31 


50 


50 


29.7 




7 


52 


^>.3 


31 


59 





28.3 




/ 


53 


20.3 


33 


24 


10 


26.5 




7 


53 


44-5 


33 


31 


10 


27.5 




7 


54 


15.5 


33 


40 





28.3 


■ 


7 


54 


40.5 . 


33 


46 


50 


27.7 



<//=H-o.ii77 //A +0.0841 </9 

h. m. s. s. 
Ar=-fo 57 28.7±o.i8 
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Sextant Observations — Continued. 



1 

1 

Date. 


Chrononi 


1. 1228. 


Sextant R. 


Corr. chronom. 
and latitude. 


1 

1 Results. 




fSyo. 
Dec. i6.i 

H. P. 


h. 


m. 

37 

38 


s. 
40.0 

17.0 




40 
40 


1 

14 
4 



20 


h. 
H- 


m. 

57 


s. 
28.1 

29.3 


Malta. 
1U——0. 1289 dh —0.0992 di^ 

1 








38 
39 


43.5 
14.5 


39 
39 


57 
49 


10 
20 






31.2 
30.8 


n. m. s. s. 
Ar— 4-0 57 29.710.18 

1 




1 




40 


36.0 


38 


23 


40 






30.3 










41 


8.0 


38 


16 









28.3 


1 






, 


41 


41.0 


38 


7 









30.3 


1 








42 


12.0 


1 37 


59 









30.5 


1 








43 


16.0 


37 


43 









28.5 










43 


39.0 


37 


36 


30 






30.5 


1 








44 


0.5 


37 


31 


30 






29.9 










44 


24.0 


37 


25 









29.8 


- 








45 


38.5 


38 


10 


50 






29.0 










46 


II. 5 


38 


2 









29.9 










46 


36.0 


37 


56 


10 






275 










47 


2.0 


37 


48 


30 






30.8 


, 




i 

Dec. 16.9 




31 


14.0 


25 


6 


lO 


+ I 





38.2 


Syracisk. 




H. H. 


■T 


32 


40.5 


25 


30 


50 






36.8 


<// -f-o.ii77</// 4-0.0830^/0 




1 

1 




34 


6.0 


25 


55 


40 






37.3 


1 h. m. s. s. 




1 




35 


32.5 


26 


21 


10 






39-3 


A<_H-i 37.4 ±0.22 








37 


44.0 


28 


3 


30 






38.5 


A/^-h 1.5 


.1 






38 


47.5 


28 


21 


30 






.38.2 


. 




1 




39 


53.5 


28 


40 


20 






38.6 






1 




41 


23.5 


29 


5 


50 






38.7 


' 




1 




42 


52.5 


29 


30 


10 






36.3 






1 

1 

1 




43 


53.0 


29 


47 


50 






38.9 




• 


1 




45 


14.5 


30 


lO 









36.6 










46 


9.5 


30 


25 


20 






36.9 










47 


25.5 


29 


40 


50 






35-5 


i 








48 


27.5 


29 


58 


40 






37.1 






1 
1 
1 




49 


47.5 


L 30 


20 


20 






35.9 










50 


20.5 


30 


29 


I" , 





1 


35.2 


1 

1 

1 II II 


• 


Dec. 17.0 


10 


51 


31 


59 


40 


40 j 


+ 37 


3 


54 


^= + 37 3 57±i-5 




H. H. 


10 


52 


39 


59 


41 


10 






53 


! 






10 


53 


32 


59 


41 


20 






52 








10 


54 


38 


58 


36 


50 






42 








10 


55 


28 


58 


36 


40 






49 








10 


56 


16 

1 


58 


36 


25 






56 








10 


57 


20 


58 


36 









(>5 








10 


58 


4 


58 


35 


55 






6i 








10 


58 


57 


58 


35 


50 






57 


• 






II 





16 


58 


40 


15 






61 








II 


I 


•20 


58 


39 


40 1 






60 








II 


2 


16 


58 


38 


40 1 






72 







5 — ^E 



OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1S70. 
Sfxtant Obstrrittwiis — Corninut-ii, 



I Dec. 17. c, 
H.H. 



Sexlani R. 


Cotr, chronom. 
and latilude. 


Resutls. 




1 

: *■• 


m. s. 


Syracuse. 


■ 33 43 


+ : 


41 


4 


a'/=;— 0.1 220 </-*— 0.08 8grf? 


33 13 AO 


j 


42 


4 


h. m. s. s. 


32 57 30 




41 


4 


df= + i 40.g±o.l9 


32 48 50 




^' 


6 


A/=- i.6 



3" 45 
30 39 



30 53 

30 47 



i#— +0. 13JO rfA + 0.0902 rf 

h. m. s. s. 
; + l o 36.5±o.30 



— o. iiqoiM— o.oij83 no 



REPORT OF PROFESSOR HALL. 
Sextant Obien>atioiis — Continued. 



i% 



Due. 


Cbronom. 13 sS. 


Scxtaw B. 


Corr. chronom. 
and latitude. 


Results. 


1870. 

Dec, 18,9 

HE. 


7 33 4g 
7 =7 


» 


23 33 20 
33 39 40 


h. ra. 

,1-1 38 

1 38 


B 


,//=+0.ll45 M f 0.0783 ,/> 




7 38 14 

7 3q 32 


5 


33 5. .0 

34 II 


i 3^ 


' 


I1. tn. s. s. 
A,= + i 37-3±o.l4 




7 3a 47 





36 15 30 


" 




i/=-t- 1.3 




7 33 17 





3G 34 10 


37 








7 33 -(6 


5 


26 33 


\ 37 








7 34 t4 


5 


36 4t 10 


3» 








7 34 S3 





26 51 30 


35 








7 35 16 


5 


26 sB 40 


37 








7 35 40 





27 5 20 


36 








7 36 9 





27 13 20 


37 








7 36 57 





3b 23 40 


"' 








7 37 31 


5 


30 2g JO 


37 








7 37 44 


3 


26 36 20 


1 " 








7 38 7 


5 


26 43 40 


36 






Dec. ly.o 
H.H. 


"> 47 37 
10 48 38 


59 30 3" 

59 31 50 


-4-37 3 68 
51 


#=+37 3 (>l±t.t 




10 49 S3 


59 33 40 


1 " 






10 5> 13 


59 34 


50 






10 53 38 


58 29 30 


n 






10 S3 41 


58 3g 50 


52 






10 54 37 


58 30 


51 






10 55 33 


58 30 30 


1 






10 S7 3 


58 30 


' 59 






10 jS 3 


58 39 so 


(.4 






10 59 3 


58 29 40 


1 54 








58 39 


70 






II I 40 


59 33 SO 


S7 






II 3 43 
'I 3 44 


59 33 30 

59 31 5Q 


78 

1 '^ 






II 5 


59 30 45 


75 




Dec, 19.1 


I 48 21.0 


34 I 55 


k ^ 41.7 


fl-z^— O.I334 M~o.o<fa».f^ 


H.H. 


1 49 3" 





33 44 " 


41,2 


h, m. s. s. 




1 50 21 


5 


33 30 30 


41-5 


A.-= + i 39.5±o-35 




I 5' 33 


5 


33 15 


1 ■ 39-3 


i/=- .7 




I 52 5B 


5 


33 54 30 


39-9 






' 54 5 

» 55 41 


5 


33 36 20 
33 II 


41.5 






I 56 31 





33 57 50 


39' 9 






1 58 11 





32 31 30 


37-8 






» 59 9 


S 


33 15 20 


1 38-9 






3011 


5 


31 58 30 


39- 






3 3 I 





31 29 10 


1 37.1 






3 3 59 

3 4 7 


5 
5 


30 7 10 
39 48 50 


37.6 
3-). 3 






3 4 58 


5 


29 35 


, 38.3 






3 5 46 


^ 


29 31 40 


j X' 





OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 

Sextant Obsen^ations — Continued. 



Date. 



Chronom. 1228. 1 Sextant R. 



Corr. chronom. i 
and latitude. 1 



1870. 1 
Dec. 19.3 1 


h. 

• 5 


m. 

54 


s. 
57.0 



76 


1 
51 


1 

" i 
40 


t II 
+ 37 3 17 


H. II. 1 


5 


56 


53.0 , 


76 


53 


40 


73 


• 


5 


58 


6.5 


76 


52 


40 


40 




6 





15.5 ' 

1 


76 


52 


50 


41 




6 


I 


47.0 , 


76 


52 


50 


39 




6 


3 


21.5 


76 


52 


40 


30 


1 


6 


4 


37.0 

1 


76 


53 





40 


1 


6 


5 


32.5 , 


76 


52 


40 


28 


1 


6 


9 


2.5 , 


76 


53 


lO 


40 


1 


6 


10 


130 1 


76 


53 





34 




6 


II 


8.0 


76 


52 


30 


55 


1 
1 


6 


II 


56.5 

1 


76 


53 


10 


37 


Dec. 20.3 


6 


32 


27.0 


76 


52 


10 


+ 37 3 19 


n. H. 


6 


35 


22.5 


76 


52 


20 


29 




6 


36 


56.0 


76 


52 


30 


38 




6 


38 


28.5 


76 


52 


40 


46 




6 


40 


33.5 ' 


76 


52 





31 




6 


42 


50.0 


76 


51 


50 


32 




6 


44 


16.0 


76 


51 


55 


38 


Dec. 20.9 




45 
23 


31.0 

37.5 


7f> 
23 


51 

13 


10 
30 


18 
h. m. s. 
+ I 37.5 


H. H. 




24 


53.0 


23 


36 





390 






26 


9-5 


24 


I 


40 


i 37.6 


■ 




27 


21.0 


24 


19 


50 


' 37.6 

t 


1 




29 


43.5 


23 


56 


50 


1 37.2 






30 


54-5 


24 


17 


30 


] 3^>.7 






32 


36.5 


24 


47 





' 35-9 






33 


46.0 


25 


7 


30 


37.0 






35 


38.0 


25 


40 


10 


1 38.0 






3^> 


49.0 


26 





20 


37.0 






37 


59.0 


26 


20 


50 


38.4 






39 


II.O 


26 


41 


50 


1 39.8 






41 


2.0 


28 


18 


20 


39.8 






42 


'10. 


28 


36 


50 


1 37.2 


• 




43 


1-5 


28 


52 


20 


40.6 

1 


» 




44 


30.0 


29 


17 


20 


' 40.8 

1 


Dec. 21.0 


10 


45 


14.0 


59 


22 


50 


f i 9 

+ 37 3 79 


H. H. 


10 


46 


47.0 


59 


25 





: 74 




10 


47 


12.5 


59 


25 


40 


1 67 




10 


47 


39-5 


59 


26 





; 73 




10 


48 


6.0 


58 


21 


50 


! 59 




10 


48 


35.5 


, 58 


22 


30 


1 53 




10 


49 


27.0 


58 


23 


10 


58 

1 


- 


10 


50 


53.0 


1 58 


24 


20 


1 58 




10 


51 


50.0 


58 


25 


10 


1 54 




10 


52 


44.0 , 

( 


58 


25 


20 


64 



Results. 



Syracuse. 



O » f» tt 



0=+37 3 39 ±2. 6 Poiaris. 



• I II I' 



'=+37 3 3i±2.3 Polaris. 



///=4-o.ii45 </// 4-0. 0783 <i<^ 

li. m. s. s. 

\c—-\- I o 38. 1 ±0.26 

A/= + 1.3 



0=^ + 37 3 6i±i.4 
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Sextant Obsen^ations — Continued. 



Date. 


1 

, Chrononn 

1 
1 


L 1228. 


Sextant 


R. 


Corr. chronom. 
and latitude. 

/ II 


Results. 


1870. 


h. 


m. 


S. 





/ 


II 


Syracuse. 


Dec. 21.0 


; 10 


53 


35.0 


58 


26 


10 


+ 37 


3 


51. 


• 


H. H. 


10 


54 


35.0 


58 


26 


20 






59 


• 




II 


I 


9.0 


59 


31 


10 






63 


% 




II 


3 


10. 


59- 


30 


10 






63 






II 


3 


42.0 


59 


30 


10 






53 


i 




11 


4 


29.0 


59 


29 


30 


h. 


m. 


56 
s. 


• 


Dec. 21. 1 


I 


57 


9.8 


31 


56 


20 


-f- I 





390 


<//=— 0. 1222 r///— 0.0892 d^ 


H.T. 


I 


57 


31. 1 


31 


50 


40 






38.9 


h. m. s. s. 




I 


57 


51.0 


31 


45 


30 






38.2 


Ar=-f- I 39.i±o.ii 




I 


58 


45.1 


31 


31 









38.0 


A/=~ 1.6 




I 


59 


28.1 


32 


24 









39.4 






I 


59 


50.6 


32 


17 


50 






39.7 






2 





22.0 


32 


9 


30 






390 






2 





42.5 


32 


4 


10 






38.2 






2 


I 


36.1 


31 


49 


30 






38.5 






2 


2 


4.7 


31 


41 


20 




• 


39-9 






2 


2 


43.0 


31 


31 


10. 






39-2 






2 


3 


12.6 


31 


22 


40 






40.4 






2 


3 


42.0 


30 


10 









39- 1 






2 


4 


10.4 


3« 


2 









39.9 






2 


4 


31.5 


29 


5f> 


30 






38.7 


- 




2 


4 


57.5 


29 


49 


10 






39-4 




• 


1 












h. 


m. 


s. 




Dec. 21.9 




30 


43.0 


24 


5 


30 


+ I 





37.7 


r//=-|-o.ii45 r///-f 0.0782 r/9 


H.T. 




31 


15.7 


24 


14 


50 






36.9 


h. m. s. s. 






31 


37.8 


24 


21 


30 






37.4 


\c=->t I 35-9±o.25 






31 


57.5 


24 


27 


30 






38.3 


^ ^/=4- 1.3 






32 


55.2 


25 


48 


40 






36.8 








33 


20.7 


25 


55 


50 






35.9 








33 


49-5 


26 


4 


30 






36.8 








34 


II. 5 


26 


10 


50 






36.7 








34 


57.5 


26 


23 


20 






33.8 








35 


20.2 


26 


30 


10 






34.7 








35 


44.9 


26 


37 


20 






34.8 


• 




1 


36 


10.6 


26 


44 


50 






35.1 


• 




j n 


36 


42.7 


25 


50 


20 






39.0 


• 






37 


6.9 


25 


5^> 


10 






35.1 








37 


28.7 


26 


2 


10 






34.1 






7 


37 


54.8 


26 


10 









35.2 








38 


23.0 


26 


18 









35.0 


• 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1S70. 



The following are the ol)servatioas for index correction, to which are added the observed values of the 
sun's diameter compared with the computed values : 



■ 


— 


— • - 












— — _ — 


1 


. - - 




-_ - 


Date. 


/ 


Sextant 

n 


readings. 

f> 1 


" 


Index 
correction. 


Sun's di 

Observed. 

1 II 


! 

ameter. 
Computed. 


Dil 


Terence. 


/ " 


/' 


Dcr. 12 9 


31 


17.5 


359 


25 


50.0 


+ 1 


[ 26 


32 44 


32 31 


4- 


13^ 




' 13.0 


31 


25.0 


359 


25 


41.7 


+ 1 


' 27 


32 52 


32 33 


4- 


19 


■ 


13.9 
14.0 


31 
31 


6.0 
21.7 


359 
359 


25 

25" 


40.0 
46.7 


4- 1 
-1- 1 


[ 37 
[ 26 


32 43 1 
32 47 


32 28 
32 32 


4- 


15 
15 



- 0* 


14. 1 


31 


40.6 


359 


25 


21.7 


+ ] 


[ 29 


33 9 


32 30 


+ 


39 





14.9 


31 


23.3 


359 


25 


31.7 


+ 1 


[ 32 


32 56 


32 29 


+ 


27. 




15.0 


31 


17.2 


359 


26 


12.2 


+ 1 


I 15 


32 32 


32 32 







1 15. 1 


31 


16.7 


359 


26 


16.7 


+ 1 


[ 13 


32 30 


32 31 


— 


I 


15.9 


31 


15-0 


359 


26 


0.0 


-h 1 


[ 22 


32 37 


32 29 


4- 


8 


1 16. 1 


31 


15.0 


359 


26 


20.0 


+ 1 


[ 12 


32 28 


32 31 




3 


1 16.9 


31 


5.0 


359 


26 


15.0 


H- ] 


[ 20 


32 25 


32 27 


f 


2 


17.0 


31 


12.5 


359 


26 


8.3 


+ 1 


[ 20 


32 32 


32 33 


1 


I 


17.1 


31 


6.3 


359 


26 


6.3 


H- ] 


[ 24 


32 30 


32 27 


4- 
1 


3 


17.9 


31 


16.7 


359 


26 


10. 


-h ] 


I 17 


32 33 


32 29 


!+ 


4 


18.1 


31 


3.3 


359 


26 


16.7 


■^ 1 


t 20 


32 26 


32 31 


— 


5 


18.9 


31 


12.5 


359 


26 


13.3 


-f ] 


t 17 


' 32 30 


32 26 


' + 


4 


19.0 


31 


15.8 


359 


26 


19.2 


+ ] 


[ 13 


32 28 


32 33 


— 


5 


19.1 

1 


31 


13.3 


359 


26 


16.7 


4- ] 


^ 15 


32 28 


32 29 


i__ 


I 


19.3 


• 

( 


• • 


359 


58 


31.7 


-f 1 


[ 28 


Polaris. 




1 




20.3 


1 


• • 


359 


58 


3^>.7 


+ ] 


[ 23 


Polaris. 




1 

1 




20.9 


31 


5.8 


359 


26 


10. 


H- i 


r 22 


32 28 


32 25 


1 

;+ 


3 


21.0 


31 


17.5 


359 


26 


9.1 


+ ' 


I 17 


32 34 


32 33 


'+ 

1 


I 


' 21. 1 


3T 


15.0 


359 


26 


16.7 


V 1 


t 14 


32 29 


32 29 


1 





21 .9 


31 

1 


8.3 


359 


26 


II. 7 


4- 


[ 20 


32 28 


32 25 


1 


3 





If we consider the sj)herical triangle formed by the star, the zenith of the observer, and the pole of the 
heavens, and designate by //, *?, /, the altitude, the declination, and hour angle of the star, we shall have the 
c<)uati()n, 



sin h = .sin ^ sin ^ + cos f cos d cos / 



Since sextant observations for time should be made as near the prime-vertical as practicable, the hour 
angle will be at^curately determined by means of its cosine, and the above simple formula is. I think, more 
convenient for computation, and more exact than the transformed expressions that are u.sually employed. For 
the reduction of the latitude observations I have used the following formula derived from the preceding one 
by an easy transfonnation : 

cos (f — «J) = sin // + 2 cos f cos d sin '^ ^^ 

If we difterentiate.the first etpiation, considering d constant and denoting by A the azimuth, we shall have. 



7/^— 



d/i 



dip 



cos f sin A cos f tan A 



'I his differential equation shows the importance of making the observations for time symmetrical with 
respeit to the meridian. It has l>een computed for the mean hour angle in each set of obser\'ations, dt 
being expressed in sei onds of time, ami dh and df in seconds of arc. 
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At Malta my observing station was at the telegrai)h oftice except on the first day, December 13, 
when the observations were made at Spencer's Monument. According to the map of thie Ordnance Survey 
of Malta, Spencer's Monument is 253 yards west and 2,013 yards south of the telegraph office. In reduc- 
ing the observations made at Syracuse the latitude was assumed to be +37° 3'-5> and a reduction, J/, to the 
latitude finally adopted, is given in the column of results. 

The following are the values of the latitudes obtained from the sextant observations : 



II 



Malta, Spencer's monument, 
Malta, telegraph office, 

Syracuse, Bastione San Filippo, 
Syracuse, Bastione San Filippo, 
Syracuse, Bastione San Filippo, 
Syracuse, Bastione San Filippo, 
Syracuse, Bastione San Filippo, 



^-^ZS 


52 


55. 


; 16 altitudes of the sun. 


VP— + 35 


54 


11; 


, 20 altitudes of the sun. 


S^ — + 37 


3 


57; 


1 2 altitudes of the sun. 




3 


61 


; 16 altitudes of the sun. 




3 


61 


; 16 altitudes of the sun. 




3 


39 


; 12 altitudes of Polaris. 




3 


31 


; 8 altitudes of Polaris. 



Mean latitude. 








*P = 


=+37 




3 


48 










Corrections of Chronometer Negus 


12: 


28 < 


on Local Mean Tifne, 






1 
Place. Date. 


i 


\. M 


• 






P. M 


• 


Mean 


* 






1870. 1 


h. 


m. 


s. 




h. 


m. 


s. 


h. 


m. 


1 

s. 




Malta . . 


Dec. 


13'+ 





57 


29.6 














1 








14 + 





57 


28.4 


+ 





57 


28.6 -f- 

1 





57 


28.5 








15 i + 





57 


28.0 


-h 





57 


29.2 -h 





57 


28.6 




• 


16 + 





57 


28.7 


-h 





57 


29.7 + 





57 


29.2 




Syracuse . Dec. 


17 + 







38.9 


-h 


I 





39.3 -+- 


I 





39.1 








18 .+ 


■ ^ 





38.1 


+ 


I 





40.0 -f- 

1 


I 





39.0 




t 


19 + 







38.6 


+ 


I 





37.8 j + 


I 





38.2 






21 -H 







39.4 


^■ 


I 





37.5 1 + 


I 





38.4 






22 -f 







37.2 








\ 






1 



When at Malta I was permitted by M. Berthet to use his transit-instrument. This instrument, made 
by Secretan, of Paris, in 1862, has an objective of three inches, and is very well mounted in an observatory 
on St. James Cavalier, the meridian of which differs but little from that of the telegraph office. As the 
value of the level divisions had not been determined, the level, and also the collimation error, were made 
zero by M. Berthet a short time before the observations. The wires of the instrument were too thick to 
admit of very accurate observations of transits, but the following may serve as a check on the determina- 
tions of time with the sextant : 



Date. 


» 


Star. 


iVVires. 

1 


Chron 


. 1228. 

s. 


1 

h. 


A pp. a. 
m. s. 




Corr. c 
h. m. 


tiron. 


1870. 


h. 


m. 


s. 


December 14 


y 


Ccti .... 


5 

1 


8 


5 


59.44 


2 


36 


36.84 


-H 





57 


28.48 




a 


Ceti .... 


5 


8 


24 


51.74 


2 


55 


32.10 






57 


28.33 




i 


Arietis . . 


1 5 


8 


33 


33.38 


3 


4 


15.16 






57 


28.32 




a 


Persei . . . 


5 


8 


44 


23.74 


3 


15 


7.54 






57 


28.55 


December 15 


12 


Ceti .... 


' 5 


5 


49 


14.76 





23 


26.40 


+ 





57 


29. 59 




ft 


Ceti .... 


i 5 


6 


2 


52.30 





37 


5.82 






57 


29.46 




y 


Cassiopex . 


i ^ 


6 


14 


38.66 





48 


56.20 






57 


29.69 




€ 


Piscium . . 


5 


6 


21 


56.88 





56 


14.30 






57 


28.74 






Polaris . . 


' 3 


6 


37 


2. 


I 


II 


58. 






57 


29. 




V 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1870. 



TELEGRAPHIC SIGNALS FOR LONGITUDE. 

Through the kindness of Mr. Rosenbusch the telegraph offices at Malta and Syracuse were furnished 
with small portable and very convenient instruments for sending and receiving the signals. Each instru- 
ment was provided with two keys, worked by the observers, and the signals were given by the observer 
striking his key in coincidence with the beat of his chronometer. The signals were recorded on a fillet of 
paper similar to that used with the Morse register. For example, the observer at Syracuse gave signals 
every fifth second of his chronometer for three minutes, the observer at Malta during the same time giving 
signals at every second of his chronometer, and, both sets of signals being recorded on the fillet of the 
Malta instrument, a very accurate comparison of the chronometers was obtained. The operation was then 
reversed, the observer at Malta sending signals every fifth second to Syracuse, and the chronometers were 
compared on the fillet of the Syracuse instrument. The following are the results of the readings of the fillets. 
At Syracuse the signals were made by Professor Harkness, who used the chronometer Negus 11 15. At 
Malta I used the chronometer Negus 1228. 
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If we denote by i and c^ the chronometer times when the signal was sent and received, and by Jc and 
J{^ the corrections of the chronometers, the difference of longitude will be, 

c — i-' + Jc—Jc' + e 

where e is the time re([uired for the signal to pass from one station to the other. The present observations 
do not furnish data for the determination of e, and its further consideration is omitted. The preceding 
table gives the values of c—t^, and Professor Harkness has furnished the corrections of the chronometer 
Negus II 15. Collecting the necessary quantities, we have the following results for the difference of longi- 
tude between the telegraph office in Malta and our station in Syracuse: 
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Taking the mean of these results, we have Syracuse east of Malta 



3"* id'. 7 -1 o".33 

Omitting all consideration of personal Cijuation in sending the signals, the comparison of the chronometers 
by means of the telegraph may be considered as exact, since from 164 comparisons it results that the prob- 
able error of a single comparison is only J.o^o34. From the 240 altitudes observed, I find that the prob- 
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determinations from the mean of n altitudes is io'-z;. On the other hand, 
imuths of about forty degrees only uast and west of the meridian, and the dif- 

an error of 10" in the altitude will produce an error of more than one second 
>nsiderations I estimate the probable error in the difference of longitude to be 



able error of one of my tirai 
the sun was observed at a 
ferential equations show [ha 
in the time. From these c 
one third of a second. 

The following is the record of [he signals exchanged with Professor Newcomb, who was at Gihraltar. In 

I sending the signals, the observer struck the telegraph key in coincidence with the beat of his chronometer. 

I The signals were received in the following manner 1 A telegraph -opera tor watched the bright image of the 

mirror, and at the instant he observed a motion of the image he struck a key thai gave a sharp click, and 

the time of this click was observed on the chronometer at Gibraltar by Professor Newcomb, and at 

Malta by myself. 
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Hence collecting the quantities and using the corrections of chronometer 1265 found by Professor Nei 
comb, we have the following results: 
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The ik termination of time at Gibraltar, on December 16, is from an oliservatii 
determination of the 15th is from four observations east and west of the meridia 
more trustworthy. 1 adopt, as the difference of longitude, 

^i- 19" 3S'.4±o*.5 
If we reject the time determination of December 16 at Gibraltar, and assume a constant rate of the 
chronometer from the i5lh to the 19th, the resulting longitude for the i6th will be i" 19" !&*.$ ; but this 
process does not, I think, add any weight to the adopted value. 

As indicated by the date, the principal part of the preretling report was written immediately after my 
return home and before I had seen any reports or rliscussions of the observations in Sicily. A small part 
of the numerical reductions coulil not he completed until I had received from Professors Newcnmb and 
Harkness their determinations of local time. 

Very respectfully, your obedient servant. 

.ASAPH HALL. 
Pivfessor 0/ Malhematus, V. S. N. 
Commodore B. F. Sanps, U. S. N., 

Suptrinlfndeat (/. S. JVaiuii Obfenitloty, W.iihington, D. C. 
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REPORT OF PROFESSOR WM. HARKNESS, U. S. N. 



United States Naval Observatorv, 

iVosfiingtvn, fiily 13, 1871, 
Sir: In accordance with orders from (hi; Navy Department, dated September 16, 1870, I have the 
honor to submit to you the following report in relation to the astronomical and other observations made 
by me in connection with the expedition sent to Sicily, by this Observatory, for the purpose of observing 
the total solar eclipse of the 3zd of December last, 

I. —INTRODUCTORY. 

I left Washington at 9 p. m., ( Jctober 28, arriving in New York early tlie following morning. The next 
three days were spent in arranging details regarding the transportation of the officers and instruments of the 
party, and at z p. ni., November z, Professors Hall, Eastman, and I, sailed from Jersey City in the Cunard 
steamer China, After an unusually rough and disagreeable passage we arrived safely in Liverpool at 12.30 
p. m., November 13. We had with us no less than ten cases of instruments, all of which were most cour- 
teously passed through the custom-house without being opened, and without a moment's delay, the authori- 
ties saying that they had received orders from the government at London to do so. At 4.45 p. m., Novem- 
ber r5, Mr. Alvan Clark, jr., and I, left Liverpool by rail for York, where we spent the night. The next 
morning we visited the works of Messrs. T. Cooke & Sons, and in the afternoon, by appointment, we met 
Professor Newcomb at the railway station, and went on with him to Newcastle, and thence to Gateshead, 
for the purpose of seeing Mr. Newall's gigantic refracting telescope. 

While on tiie train, Professor Newcomb told me that he had selected Gibraltar as the most suitable 
station from which to make his observations on the eclipse, and that he had made ail necessary arrange- 
ments with the Astronomer Royal, and with the various telegraph companies whose wires would be required, 
10 exchange longitude signals between Greenwich and that place. He also added that he had informed 
the managing directors of the submarine cables that it was probable I would be desirous of determining the 
difference of longitude between Gibraltar and my station at Syracuse, and that they had expressed their 
entire willingness to grant me the free use of their wires for that purpose if I would make known my wishes 
to them. Accordingly, when I subsequently passed through London, on my way to Southampton, I called 
on W. T. Anscil, esij., secretary of the Falmouth, Gibraltar, and Malta Telegraph Company, and he intro- 
duced me to Sir JameS Anderson, managing director of that company, and also of the Anglo-Mediterranean 
Telegraph Company. These gentlemen treated me with the greatest kindness, evincing a deep interest in 
our scientific ojierations, and showing a very strong desire to do all in their power to insure our success. 
They at once granted me the fi^ee use of their cables for the exchange of longitude signals, and furnished 
me with a letter of introduction to Benjamin Smith, esq., their superintendent at Malta, requesting him to 
afford me every possible facility. In addition, Sir James Anderson wrote a note to Edward Tombs, esq., 
secretary of the Mediterranean Extension Telegraph Company, who own the submarine cable between 
Malta and Sicily, requesting him to grant me the free use of their line, and to furnish me with a letter of 
introduction to Edward Rosenbusch, esq., their engineer and general superintendent at Malta! This was at 
once done, anil I here desire to offer my thanks to all the above-named gentlemen for their liberality in the 
cause of science. 

At 3 p. m., November a6, our party sailed from Southampton on the Peninsular and Oriental Com- 
pany's steamer Poonah. During the voyage we touched at Lisbon and Gibraltar, and, after a tolerably 
pleasant passage, we landed at Malta about 12.30 a. m., December 6. A day or two before arriving at the 
last mentioned place I became slightly acquainted with one of my fellow passengers, who manifested some 
interest in our expedition, and who, upon learning that we contemplated using the telegraph cables for lon- 
gitude purposes, said that he was a director in the company, and that when we got to Malta he would go 
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on shore and request their superintendent to afford me all possible assistance. He fulfilled his promise at 
the expense of no liltle personal inconvenience, for the I'oonah reached Malta about half an hour after 
midnight and departed ahoui daylight the following morning. While on board ship I was ignorant of the 
gentleman's name, but the superintendent at Malta subsequently told me that it was Mr. Elliot, of the well- 
known firm of Glass, Elliot & Co., and I here desire to offer him my thanks for his kind interest in the wel- 
fare of our expedition. 

Fur the better understanding of what follows, it may be well to give some details as to the ownership 
and management of the telegraph lines which we proposed to use in determining differences of longitude. 
The land lines from the (Jreenwich Observatory to Porthcurno are owned and controlled by the English 
government, R. S. Culley, esq., being the engineer- in-chief. The submarine cables from Porthcurno to 
Lisbon, from Lisbon to Gibraltar, and from Gibraltar to Malta, are owned and controlled by the Falmouth, 
Gibraltar, and Malta Telegraph Company, Sir James Anderson, managing director, Benjamin Smith, esq., 
superintendent at Malta. The submarine cable from Malta to Modica, in Sicily, is owned and controlled 
by the Mediterranean Extension Telegraph Company, Edward Tombs, esq., secretary, Edward Rosen- 
busch, esq., engineer and general superintendent, residing at Malta. The land lines from Modica to Flor- 
ence are owned by the Italian government, but one of the wires is leased to and controlled and worked 
by the Anglo- Mediterranean Telegraph Company, Sir James Anderson, managing director, Edward Rosen- 
busch. esq., engineer and general superintendent. Syracuse is on the line from Modica to Florence. It 
will thus be seen that in working from Malta to Syracuse we would be using the wires of two different com- 
panies, but, as Mr. Rosenbusch is engineer and general superintendent of both, the whole line is under the 
control of one man. 

On the morning of December 6 I made inquiries as to where the offices of the various telegraph com- 
panies were to be found in Malta, and was told that they were all in the ^me building. I also learned that 
Mr. Smith, local superintendent of the Falmouth, Gibraltar, and Malta line, boardeil at Dunsford's Hotel, 
where I was then staying. Accordingly, I called on him in his room, and presented my letter of introduc- 
tion. He received me very kindly, and took me Co the telegraph office, where, after showing me everything, 
he placed a clerk and a complete set of the company's apparatus at my disposal, in order that I might 
become quite familiar with it, as it was very different from the apparatus employed in the American telegraph 
offices. He assured me that there would not be the least difficulty in exchanging signals between Malta 
and Gibraltar, and that the only thing necessary was for me to designate what apparatus I wished used and 
how 1 would have it handled during the longitude work. This I did, and I have to thank him, and the 
gentlemen attached to his staff, for their very efficient assistance in carrying out our operations. 

I next called on Mr. Rosenbusch, engineer and general superintendent of the Mediterranean Extension 
Telegraph Company, and of the Anglo -Mediterranean Telegraph Company — a gentleman whom I subse- 
quently learned to know as one of the kindest and best friends that it was my good fortune to meet during my 
absence abroad. He told me that, so far as the Malta end of the line was concerned, there would not he any 
difficulty, for he was ready to do anything that I might deem necessary; but that at Syracuse the case was 
different, because the wire controlled by his company is a through one, and their contract with the Italian 
government only permits them to have offices at Modica and Florence. Hence, as all telegraph offices in 
Italy are controlled by the government, it would be necessary to secure its assent before it would be possi- 
ble for us to use the company's wire between Modica and Syracuse. In order to procure this assent, Mr. 
Rosenbusch at once telegraphed to Florence to Commendatore Ernest d'Amico, director genera! of the 
Royal Italian telegraph lines, and in twenty-four hours I had the satisfaction of learning that Signor 
Emmanuele Aslor, sub-inspector of the Royal Italian telegraphs, had been ordered to ]>roceed to the 
telegraph office at Syracuse, and there to give us every possible facility for exchanging longitude signals with 
Malta, Moreover, as Signor Astor and the other telegraph officials whom 1 would meet at Syracuse spoke 
only Italian, a language of which I know very little, Mr. Rosenbusch kindly volunteered to accompany 
me to overcome all difficulties that might arise on that score, and to give me the benefit of his influence 
with various government officers at Syracuse, all of whom were his personal friends, 

1 was now ready to proceed to Syracuse, but, as the steamer was not advertised to sail until Friday 
evening. I amused myself during the interval of waiting by visiting the various objects of interest in and 
around Malta. .\nd here I must not omit to mention that my pleasure in so doing was greatly enhanced 
by numerous kind attentions shown me by our consul, Lyell T. Adams, esq., and our vice-consul, William 
John Stevens, esq. 
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The Malta channel is otlen very rough, and at such times the small steamers of the Florio line, which 
carry the mails between Malta and Scily, do not venture to cross. Unfortunately for us, Wednesday, 
Thursday, and Friday were quite stormy, and when we went to bed on Saturday night the steamer had 
t yet arrived." Al 6 o'clock on Sunday morning, December 1 1, I was awakened by the joyful tidings 
that the mail-steamer had just come in, and that she would depart for Syracuse as soon as her freight could 
be got on shore. I dressed rapidly, but there was much delay in getting breakfast, and I was afraid the 
I steamer would be off without us. The fear was groundless, I, in company with Professor F.astman and 
. Rosenbusch, was on board at 9 o'clock, and she did not sail till a quarter before 11. She was the 
Corriere Siciliano — a nice little boat — and after a very pleasant passage of about eight hours, she landed uS 
in Syracuse at 7 o'clock in the evening. I'rofessor Hall, in company with Dr. C H. F. Peters, of the United 
States Coast Survey EcUpse Expedition, had gone over to Sicily on December 6, and had secured on our 
behalf the kind offices of our consular agent, N. Stella, esq., and of the English consul, Nicolo Bisani, esq. 
These gentlemen met us al the custom-house, and, thanks to them and to Mr. Rosenbusch, our pereonal 
baggage was passed without being opened, and we went at once to the .\lbergo della Vittoria, where we 
were furnished with pleasant quarters, and made very comfortable during our stay irt Syracuse. 

.\bout 8 o'clock the same evening Mr. Rosenbusch and 1 visited the telegraph office in Syracuse, where 
we met Signor Emmanuele Astor, sub-inspector of Royal Italian telegraphs. Signer Raffaele Spagna, super- 
intendent of the Syracuse office, and Signor Mario Lanza, assistant in the Syracuse office. We found these 
gentlemen willing to do everything in their power fur us, and after a little consultation all the details relative 
to Ihe exchange of longitude signals were satisfactorily arranged. 

At 11.30 p. m., December 11, Professor Eastman, Mr. Rosenbusch, and I, made an official visit to 
Chevalier .\chille Basile, royal prefect of the province of Syracuse, who received us most kindly, and said 
that it would afford him the greatest pleasure to be of service to us while we remained in Syracuse. That 
same afternoon he had the boxes containing our instruments pa.ssed through the custom-house without being 
opened, and delivered to us at our hotel. 

II.— SITE OF OBSERVING-ST.VriON. 

After making a thorough reconnaissance of the whole city of Syracuse, the place which seemed to me 
best adapted for our observing -station was the bastion situated on the north side of the Prima Porta Terra. 
The surface of the ground there was 52 feet above the sea-level, and, with the exception of an arc of 55°, 
included between the true bearings S. ^'> W. and S. 50° F.., the horizon was perfectly unobstructed. The 
obstructions in the arc in question consisted of the buildings in the more elevated part of the city, but they 
nowhere rose so high as to interfere with astronomical observations. 

I accordingly wrote a note to the Prefect, requesting to be permitted to occupy the bastion as our 
observing-station, and asking for the loan of two tents to shelter our instruments. He replied that the 
bastion was at our service, and, if we wished, he would also give us the use of a large empty store-house in 
it. As our instruments were al! so portable that it was not necessary to leave them in position during the 
ore-house was much better adapted to our wants than tents would have been, and I gladly 
At 9 a. m., December 13, the Prefect sent an officer of his staff to take us to the bastion, to 
of the store-house, and to inform us that he would have a military guard detailed, whose 
duly it would be to see that no injury came to our property. That same morning we had our boxes sent 
from the hotel to the store-house, got our instruments unpacked, and began observing. During the forenoon 
the guard arrived, and from that time till we left Syracuse there was always a sentinel at the door of the 
store- ho use. 

On the evening of December 1 6, Messrs. A. Brothers and Alfred Fryer, of the English Eclipse Expedition. 
arrivad in Syracuse; and on the morning of December zi, Mr. George Griffith, also of the English expedition, 
arrived. By our invitation, and with the consent of the Prefect, these gentlemen occupied the bastion and 
store-house in common with us as an observing-station. 

' There are otlen very great delays, occasioned by rough weather, in getting from Malla lo Sicily, nmi as there was every 
appeamnce that we were lo be the victims of one of Ihem, at a time when il was very iraporlanl llint we should get speedily lo 
Syracuse, in order to delertnine our longilude, on Friday Vice-A<lmiral Sir llniilingi Reginald Velverton, K. C. B., com- 
mamler-in .chief of H. B. M. Mediterranean squadron, sent a message lo us through our consul, saying that if the mail-steamer 
did not arrive by Monday, he would on that day send us lo Syracuse in his own dispatch -vessel, the I'sychc. .Such generosity 
shootd not be passed over in silence, and it gives me pleasure lo offer the thank-i of Ihe party to Vice-Admiral Velverton. 
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a scale of i to 2500, shows the exact positions occupied by the instruments of the 
different observers in the bastion. The point ? is directly over the key-stone in the 
east, Ot city, face of the arch over the Prima Porta Terra. 1 is a slone gun-plat- 
form," which was situated near the northern end of the western face of the bastion. 
On it were made the observations for time and latitude, and on the day of the 
echpse Professor Hail's telescope stood upon it. H and E indicate, respectively, 
the position of my telescope and of that of Professor Eastman. B is the position 
of Mr. Brothers's photographic telescope. Mr. Griffith's telescope stood between 
t", and B. The following are the measured distances, correcteil for error in length 
of tape-line : 

= 96. 38 meters, I i to H =: 34 feet = 10.4 meters. 

= 72.03 meters. i to K =:= : 10 feet ^= 33.5 meters. 

I 1 to B = 120 feel = 68.9 meters. 

e Tower ^ 125° C and Belvedere Tower ^ 154° 35' 
Angle I C P ^ 121° 30' 
Hence 1 find 

Di.slance from t to P = 483,8 feet ^ H7-S meters. 
Angle C I P = 24° 37' 35" Angle C P i = 33" 52' 25" 

The true bearing from i to the Belvedere Tower was N. 68° 23' 28" W. Combining this with the angles 
given above, I find for the true bearing from i to P, S. 18° 20' 53" E. 

The instruments were used in the open air, and were carried back into the store-house whenever the 
observere were done with them for the time being. No shelter whatever was built for them. 

111.— DESCRIPTION OF INSTRUMENTS. 

With the exception of the chronometers, the instruments employed were ail my own private property. 
As they were mostly the same ones that I used at Des Moines, in observing the eclipse of August 7. 1869. 
all of which are fully described in iny report on that eclipse, Appendix II to the Washington Observations 
for 1867, pp. 26-32, it will only \}e necessary to give a list of them here, and to mention such changes as 
were made in them for the present eclipse. 

j4» AchrotNiitic Teleswpe of 43,58 inches focal length, and 3.01 inches clear aperture, made by AJvan 
Clark S: Sons, of Cambridgeport, Massachusetts. This instrument is provided with a large battery of eye- 
pieces, ranging in power from 27.2 lo 400 diameters. It is C(|uatoriaily mounted on a very firm, portable 
tripod stand, which can be adjusted to any latitude, except very low ones, and has a slow motion by which 
it may be moved through a few degrees in azimuth. The polar and declination axes are both provided with 
clamp screws; but there are neither divided circles nor tangent screws. 

'I'he-finder which was originally furnished with this telescope, and which was used at Des Moines, had 
a clear aperture of only 0.68 of an inch. This seemed to me loo small ; so I discarded it, and substituted 
another having an achromatic object-glass of 8.87 inches focus and 1.20 inches clear aperture. It is pro- 
vided with a direct eye-piece magnifying 1 0.0 diameters, and a diagonal one magnifymg 6,3 diameters, Each 
of them has a field of view 3° 1 5' in diameter. The pointing apparatus is the adjustable needle-poinl which 
wiis used at Des Moines. 

A Single-Prism Spectroscope, having the following optical constants : 
Small telescope: 

Focal distance of object-glass ...... 6,55 inches. 

Clear aperture of object-glass ...... 0.86 inch. 

Diameter of field of view ■■■-.-. 5° 33' 

Magnifying power 5.71 diameters. 

Collimating lens for slit: 

Focal distance 6,52 inches. 

Clear ajierturc .,...,.. 0,8a inch. 
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CoUimating lens for scale ; 

Focal distance , . - - . . . - 4.17 inches. 

Clear aperture ........ 0.82 inch. 

Refracting angle ........ 60° 8' 

Minimum deviation of line D ...... 47° 44' 

Refractive index ........ 1G13 

Density 3.532 

It is often desirable to have a formula which will enable us to calculate how much an object is mag- 
nified when seen in the field of view of a spectroscope attached to a telscope. In „. 
order to obiain such a formula, let us consider a beam of perfectly homogeneous light 
— that is, light of but a single wave length — falling upon the object-glass of a telescope, i 
a. Figure 2. It will be brought to a focus at i, and will there form an image betw. 
the jaws of the slit situated at that point. Then, passing through the collimating lens U 
c, whose principal focus is at ^, the rays composing the beam will be renderetl parallel. ' 
Next, falling upon the prism rf, the beam will be refracted and thrown upon the lens e 
which will bring it to a focus at /, where a second image will be formed. This imagf 
will be viewed through the eye-lens g. 
Now let 

« -■= number of diameters which the image seen in the field of view of the 

spectroscope- telescope is magnified. 
/■ = focal length of object-glass of main telescope — that is, of the lens .( in 

Fig. J. 
<■ = focal length of the collimator of the spectroscope — that is, of the lens c in 
Fig. 2. 
F' = focal length of the object-glass of the spectroscope- telescope — that is, 

of the lens c in Fig. 2. 
f = focal length of the eye-piece of the spectroscope- teles cope — that is, of the 
lens .fin Fig. 2. 
If the image formed at/were of exactly the same size as that rormed at b, the mag- 

r 

nifying power would evidently be equal to — ; and the actual magnifying power will be "^4 

greater or less than t, according as the image at / is largerorsmaller than that at b- ^ 

As the beam of light is supposed to contain rays of only a single wave length, the prism d can produce 
no effect upon it except that of bending it out of a straight path, and the size of the image at b must 
be to the size of the image at / as the focal length of the lens e is to the focal length of the lens c. The 
required formula will therefore be 

m = - X — 

As it is desirable to avoid using the measured focal lengths of tenses whenever possible, this formula 
may be written 



/ 



lagnifying power of the spectroscope- telei^ 



I quantity which can be at once deter- 



mined by means of a Ramsden's dynameter. Applying this formula to the case of the spectroscope, whose 
optical constants are given above, used in connection with the telescope of 43.58 inches focus, we find 
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If, instead of an ordinary spectroscope, one of Mr. Browning's small direct-vision 
instruments is employed, the formula given above will require to be somewhat modified. 
The optical arrangement will then be that shown in Fig. 3. The light falling on the object. 
T " glass a will lie brought to a focus at ;*, and will there form an image between the jaws of 
the slit situated at that point. Then, passing through the lens c, whose principal focus is at 
6, the rays composing the beam will be rendered parallel, and after traversing the direct- 
vision prism 1/ they will be viewed by the eye of the observer. Adopting the same notation 
as licfore, in this case we shall evidently have 



Ah Arof^ Fhbirisfopf 0/ dfub/f rotation, consisting of a brass tube 1.07 inches in diame- 
ter and 9,4 inches long, one end of which contains two plates of quartz, each cut perpendicu- 
larly to the axis, of the same thickness, and standing side by side, but one of them possessing 
right-handed rotation, the other left-handed rotation. The other end of the tube contains a 
double-image prism, and a convex lens of 9.0 inches focal length, which produces distinct 
vision of the compound plate of quart?, to .in eye placed at the double-image prism. This 
instrument gives images of complementary colors when polarized light is present. 

An Arago Ihhiiistope, consisting of a plate of selenile, and a double-image prism, giving 
images of complementary colors when polarized light is present. This instrument is fitted to 
one of the eye pieces of the 43-inch telescope. 

A Savari Ihlaristope, consisting of a plate of quartz cut obliquely to ihe axis, and a 
plate of loumiahne, giving Savart's bands when polarized light is present. This instrument 
is also fitted to one of the eye pieces of the 43-inrh telescope. 
A Sextant, made by Stack[H)Ie fi; Urother, of New York, from my own <iesigns, marked No. 937, of six 
inches radius, divided on platinum, and reading to ten seconds, having a telescope of 5.32 inches focus and 
o.Sg inch clear aperture, provided with eye-pieces magnifying respectively 2.75, 5.66, and 8,88 diameters. 
Attached to the index bar is a finding level, which saves much time and trouble in picking up the reflected 
image of an object. 

(Jwing to my severe and protracted illness in Scotland, 1 have not had time to make any investigation 
of the error of eccentricity of this sextant since my return. In reducing the observations, 1 have therefore 
cmptoyeil the crn>rs determined in 1869, which are given in the following table ; 0. is the reading on the arc 
and V. ilic corresponding correction for eccentricity. 
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A .VfTfuna/ Arti/Sria/ ffimsaii,m3J^ei\HiL. i, having a folding roof, and an iron trough three inches m'de 
by five inches long. A very careful investigation of the errors of this horizon, made by reflecting the pole 
star from it, and observing the reflected image with the mural circle, showed that the maximum error which 
c.in be produced in the mean of a set of observed double altitudes by omitting to reverse the roof, is 
only o".34. 

A IWkff Sextant, made by Stackpole & Brother, of New York, marked No. 346, having an arc of two 
and a quarter inches radius, and reading 10 single minutes. 

A Biatk Gtoii Arlifinal Hori^n, four inches long by three inches wide, provided with a very sensitive 
level and an inclined plane, with bl.'ick glass surfaces, which c-m be set on the horizon for the ptiT]iose of 
measuring lenith distances ranging between seventy and one hundred .ind thirty degrees. 
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A IHsmalic Compass, having colored glasses for the purjjose of olisurviiig the siin, and a needle three 
inches long, carrying a metal circle three inches in diameter, divided to single degrees. 

A Small Reflecting Level. 

Two Poiket-Compasses. 

A fifty-foot Chestermaris Mttallk Tape- Mcasiirr , which had been curcfiilly tested by a standard, and was 
found to be too long in the proportion of 100.134 to 100.000, 

A Binoiular Field-Glass, magnifying 5,50 diaiiielers, and having a field of view of 2° 50'. 

A Pixket Aihromatit Telescope, having an object-glass made by Alvan Clark & Sons, of 9.99 inches focal 
length and 1.09 inches clearaperture, with a terrestrial eye-piece magnifying ig. 2 diameters and a field of view 
of 1" 48' ; provided with a .screw clip for holding it steadily while observing. 

A set of three Colored Glasses, mounted in a german-silver frame, for the pocket. 

A I^ket .^Wfra/^^awwir/^/-, 1.9 inches in diameter, made by L. Casella, of London, and marked No. 1128- 
It has a scale extending from 13 to 31 inches, graduated to 0,05 of an inch, and is compensated for tem- 
perature. 

Tiuo BKket Thermometers. 

A Rain Gauge, having a receiving surface 2.788 inches in diameter, and a glass measure for the same, 
holding fifty cubic centimeters and graduated to half a cubic centimeter — each half cubic centimeter being 
equal to 0.005 o*" ^" *^'^^ of rain. 

A set of Drawing Instruments. 

We had with us, for the use of thej>arty, four excellent mean time box chronometers, made by T. S. & 
J, D. Negus, of New York. They were marked numbers 1115, 1228, 1256, and 1340. 

1 had also a number of books and other articles, a full list of which is given in .\ddendum C to this 
report. 

IV.— PROBABLE ERROR OF OBSERVATIONS MADE WITH A SEXTANT, 

As the sextant is a very jwriable and convenient instrument, and is much used for scientific purposes, 
it sceros worth while to determine carefully what degree of accuracy may be expected in observations made 
with it. For that purpose I have collected in the following table nearly all the data which can be derived 
from the work of the officers of this Observatory in connection with the total solar eclipses of August, i86g, 
and December, 1870. It is to be understood that each set of altitudes consists of six readings, the object 
being observed in a mercurial artificial hori/on, with a sextant whose telescope magnifies about nine diameters, 
and whose vernier reads to ten seconds; and further, that with each set of six altitudes, the index correc- 
tion has been determined by six readings made for that purpose. 

Table I. 



Obsurver. 


s,„.„. 


Object of 


Object 


No. of sets 


Probable 


Probable Error 


Observations. 


Observed. 
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Error of Time. 


of Altitude. 


Harkness . . 
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Latitude . 
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16 


s. 
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40 
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3 
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Syracuse. . . . 
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8.29 


Hatl . . 






Syracuse. . . . 


Lalitudc 
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3 
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In the case of the time observations given in the above table, the average azimuths v 
namely : at Des Moines, 90° ; at Syracuse, 42° 27' ; at Syracuse and Malta, 42°. 
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The obfiervatioas of the sun give the following results: 57 sets of altitudes, observed to determine lati- 
tude, give for the probable error of the mean of a single set ± 3" -2^; and 98 sets of altitudes, observed to 
determine local time, give for the probable error of the mean of a single set ± 2'\^S. The arithmetical 
mean of these two values is i 2''.92. I therefore adopt as the probable error of the mean of a set of six 
altitu^ies of the «un ± 3''.oo — a result which rests on no less than 930 observed altitudes. 

'ITie numlier of ol>servations on stars, contained in Table I, is not sufficiently great to render it possible 
to determine a reliable probable error from them, but it is evident that the probable error of an observation 
of a star is greater than that of an observation of the sun. 

To an officer in the field desirous of determining local time, it is a matter of importance to know pre- 
ci5iely at what hour angle it will be most advantageous to observe. I have therefore constructed the follow- 
ing table, which will enable a person in any latitude, and with the sun at any declination, to ascertain almost 
at a glance the altitude, azimuth, and hour angle when the sun is in the most favorable position for time 
observations. The numerical computations for the table have been made by Mr. Ormond Stone, and in 
constructing it I have assumed that the altitudes must be confined between sixteen and seventy degrees, 
these l>eing al>out the limits of convenient observation with a sextant, d is the sun's declination. 
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If we let 

li' = probable error of an observed zenith tUsianre, expresseii in setonds ol arc, 
dt ^ probable error of the corresponding hour angle, exjtressed in seconds ol 
ip =^ latitude of the place of observation, 
A = azimuth of the sun at the time of observation, 
then we shall have 



dt^ - 






by means of which formula 1 have computed Table III. The a/iinuths have been taken from Table II, 
and i/C has been assumed equal to i 3"-oo, 



Table III. — ProhahU Errorof a Chroiiometer Cotrcetwii Jeicrmined from the mean of Six Dtniblt Altitudes of tlu 
Sun, obsen'ed, when in the most favorable fosUion, by means of a Sextant. 
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Putting 

r= probable error of a single set of observations, 
r„ =; probable error of-arithmetical mean of »i sets of observations, 
c = constant error affecting each set of observations, 
/„ = wdght of the arithmetical mean of m sets of observations, 
e have 



It is usual to assume /„ proportional to ^/m ; but, inasmuch as experience shows that in the case of 
every instrument there is a limit beyond which increasing the number of observations adtls almost nothing 
to the accuracy of the final result, 1 have preferred to fallow the principles laid down by Dr. B. A. Gould 
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in his discussion of the weights and mean errors of the observations of Mars and Venus made during the 
years i849-'5i, and employed to determine the solar parallax.' In accordance with these principles, putting 



/' depends solely upon the quality of the observations employed, and increases in the ratio of their 
accuracy, so that I? sets of observations are worth b times as much as one set, but no finite number of sets can 
ever be worth h + t times as much as one set. The numerical value of h is arbitrary. For sextant work 
the observations which I have been able to examine seem to indicate as the most probable value, ^ = 3. 
That 1 have adopted, and by substituting it in the formula Sax pm, given above, I have computed Table IV. 

Table IV. — Weights as Functions of the Number of Observations. 
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By means of the weights contained in Table IV, 1 have computed Table V, which, with the argument 
" Probable error of a single set of observations" gives the probable error of the arithmetical mean of any 
number of sets of observations not greater than 100. The figures plated at the head of each column indi- 
cate ihe number of sets of observations to the mean of which the probable errors contained in that column 
apply. The table is used by entering the column headed " i" with the known probable error of a single set 
of observations; then, on the same line with this known probable error, in the column headed "2" will be 
found the probable error of the arithmetical mean of two sets of observations ; in the column headed " 3," 
the probable error of the arithmetical mean of three sets of observations ; and so on for each of the other 
columns. 

" United States Naval Astrnnoniical Eipcditioti to the Soiitliern Hciuis.pherc, Vnl, III, page ccIH. 
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r.i; VI. — lyobiibk Error oj the Mean of a sft of Sextant Obsert-atum 
number of Observed Altitudes. 
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.38 


.36 


.33 


.21 


.30 


.19 


■19 


.19 


■ iS 




26 


.Og 


43 


-35 


.30 


.28 


-24 


■ 33 


.32 


.31 


.21 


.20 


.20 




2S 


•7S- - 


47 


.37 


.32 


.30 


.26 


■24 


.23 


-23 




.32 


.31 




30 


.80 


50 


.40 


■35 


■ 31 


■37 


.36 


■35 


■34 


.34 


■33 


■23 




3a 


■85 


53 


.43 


-37 


.34 


.21 


.28 


.37 


.26 


.25 


■ as 


■ 35 




34 


• gi 


57 


.45 


■39 


.36 


■3" 


.29 


.28 


.23 


.37 


.26 


.26 




3(> 


0.96 


60 


.48 


.43 


-39 


■33 


■31 


-30 


.29 


.28 


.28 


.28 




33 


1,01 


63 


-5' 


■44 


■ 41 


.35 


■33 


■32 


-31 


■30 


.30 


.39 




40 


.07 


67 


■53 


.46 


-43 


-37 


■35 


■33 


-32 


■33 


■31 


.3' 




4S 


.ao 


75 


.60 


-52 


-48 


■ 4" 


-39 


-38 


.36 


.36 


■35 


■34 




50 


■ 33 


B4 


■ 66 


■ 58 


-54 


.46 


■43 


.42 


■41 


.40 


.39 


■38 




Go 


r.6o I 


00 


0.80 


.70 


.64 


-55 


-53 


-50 


■ 49 




.47 


.46 


o 


go 


2.14 


34 


[.06 


o,-)3 


0.S6 


-73 


.69 


.67 


.65 


■63 


.62 


.61 


1 


00 


i.07 1 


(>7 


£■33 


1.16 


1.07 


0.92 


0.87 


0.83 


0.81 


0.79 


0.7S 


0.77 


I 


50 


4.00 3 


50 


3.00 


r.74 


1.60 


1-37 


1.30 


1.35 


1,22 


i.lq 


1.17 


1.15 


a 


00 


5.34 3 


34 


a. 66 


2.3a 


a, 14 


1.83 


1-73 


I 67 


1.62 


-58 


■h'' 


.53 


' 


SO 


6.68 4 


18 


3.33 


S.cy) 


3.68 


B.3C3 


3.:0 


2.08 


2.03 


1.98 


1.94 


1.92 



Of course these tables apply only to the probable accidental errors, and afford no clew whatever to the 
coDstant errors. In order to get rid of the latter a special investigation must be made for the instrument 
employed, or else care must be taken to make all the observations in pairs, upon objects at about ei|ual 
altitudes on each side of the zenith. Table VI shows that almost nothing is gained by observing more than 
six altitudes in each set, and Table V shows that there is very litlle use in making more than ten sets of 
observations for any one object. That is, supposing the constant errors to be entirely eliminated, a latitude 
depending upon the mean of ten good sets of meridian altitudes is as trustworthy as any that can be found 
from observations with a sextant ; and a chronometer correction depending upon the mean of three sets of 
altitudes observed to the east, and an equal number observed to the west, of the meridian, the sun being at 
about the same altitude in each case, is as reliable as any that can be obtained by means of a sextant^ 

v.— GENERAL REMARKS ON THE OBSERVATIONS FOR TIME AND LATITUDE. 

The observations for time and latitude were all made by me, assisted usually by Professor Eastman, who 
noted the time at a given signal, and then recorded the observation. On two or three occasions I was 
assisted by Professor Hall, and again by Captain G. L. Tupman. In the first observation that I made at 
Syracuse I attempted to take up the beat of the chronometer and note the times myself, but I soon aban- 
doned that plan because, owing to noise and other disturbing influences, it did not seem either so accurate 
or so convenient as to have the times noted by an assistant. The instruments employed were the sextant 
Stackpole and Brother, No. 937, with a magnifying power of 8.88 diameters on its telescope ; the mercurial 
artificial horizon Ha, i; and the mean time box chronometer T. S. and J. D. Negus, No. 1115. When 
observing the sun, half the altitudes were always measured on one limb, with the roof of the artificial hori- 
zon in one position, and the other half of the altitudes were measured on the other limb, with the roof of the 
horizon reversed. When observing stars half the altitudes were measured with the roof in one position, 
and the other half with it reversed. In the day-time the index correction of the sextant was determined by 
measuring ihe'diameter of the sun both on and off the arc ; at night it was determined by observing the 
contact of the direct and reflected image of a star. 
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TbttMghcMl this it|Min civil cUics arc enqtkifed. The nbacaoas bart beoi compoed bj means of 
B^kI** facasla. waag die Ubles ^vcn in the Appeaiix to tite Washingtoa ObKrvaiioos for 1845. For 
latkade otaervadoBS 1^ ubolar pan o( ibc redaakns to tbe mendixa has beoi Eakca 6«b Loobus's Pnc- 
tical Aatiooonf . AB asooaomai data rcqmrcd id tbc icdoctioas have been taken from the AmtncMn 
EfhoaeiB and NaMtical Afaoaiiac. For fimber details as 10 die node of otKenring, the formnbe cmploTcd 
ia ifae rednctioiH, ftc., ntaeotx aa»j be nude to ray Report on tbc Total Sofar Ecbpee of Angna 7, 1869.* 

VI.— OBSERVATIONS FOR TIME. 

The otservuioBS tor time are pvea in detail in Addeadom A to tiiit lepon, bu far axnonence 
ol Ttfaattx the fo8owing ahstnct of llicn is insetted here. Tbe fint colnnui of the taUe amiains 
the data; the seCMkd cotnain oonnins tbe coRCciicns to tbe cfaiWKNncter derived from Ae itMSndBal 
sets of ofaserratioat made in the faicnoOB; tbc tfand cohmui canfains tbc conectioas derived from ibe sets 
of ofaaervatums made in the aftemooa ; the fbotth colomn contains far eacb dajrdie mcaa of the c om ca a m 
giToi bjr tbe faratooa obsavatJOBs; the fifth ■•*^'"«" contains far each dajr the mean of tbe conectiaas 
gifcn by tfae aOemooa observations : tbe sixtb c olmim cowiaiiw far eadi daj tbc mean of tbe Dumbeis 
^veo in die Ibnrtfa and fififa colmnns, which is taken to be tibe conectioB to tbc (Juonotacter at noon ; tfae 
aeroA cohimn cmtains tbe renttiog dailj ntc». Tbe obserrxtiDns on tbe mocsii^ of December 13 were 
made at tbe Prmta Porta Terra, o*.i3 cast of the Stone Gui-Platfann, bat in coai yuuu g tbc eo t r e Ui oB lo 
the cfannoaictcr at hood of that day tbc neccssair allowance has been made to redaoe ibem 10 tbe Stooe 
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Chnmometer T. S. b" J. D. Negus No. 1115 siim- of Mean Time at the Stone Gun- 
IVat/orm^ Syracuse, by ehservation. 



Date. 


A.M. 


P.M. 


Means, 


Correciion 
at Noon. 


Duily Rale. 












A.M. 


P.M. 






1870. 


h. in. s. 


s. 


.. 


8. 


h. m. s. 


a. 


December 13 


+ I % 43.9 


43.9 












43.8 


43.1 


43-47* 


43-00 


+ I 3 43.17 






43-7 










+ 0,70 


•4 


43.8 


44.3 












43-9 


44-3 


43-77 


43.97 


43. S7 






44.6 


43.4 








0-49 


«S 


43.S 


44-7 












45-J 


43.8 


44.50 


44-33 


44.36 






44.6 


44.3 








0.33 


16 


43.8 


44.3 












4S-3 


44-3 


44.80 


44.57 


44.f'S 






45.3 


45.= 








0.31 


'9 


46. r 


44.4 












45-8 


44.5 


46,07 


44.53 


45.30 






46.3 


44.7 








+ 12 


ai 


45-4 


44.9 












46.7 


44.5 


46.37 


44.70 


45.54 






47.0 


44.7 










» 


45.6 














45-3 




45 .'3 




+ > a 45.14 






+ I a 44. s 













*o'.i3 to Ibe east of Stone Gun -Plat (omi. 

At the time of the eclipse, on December ai, I have taken this chronometer to be i*" 2" 4S^7 slow 
of mean time at the Stotie Gun-Platform, 

The following table contains all the chronometer comparisons made while we were at Syracuse, and I 
desire to call particular attention to the remarkably good running of the chronometers No. iiij and No. 
1256. Such a result shows the great degree of perfection to which the manufacture of these instruments 
has been carried. 

The chronometer French No, 21778 belonged to Mr, Brothers, ot the English Expedition, and was 
used by him in timing the exposures of his photographic plates. It had a losing rate of about six seconds 
per day. 
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Chronometer Comparisons made at Syracuse. 



Daie. 


Negus Ills- 


Negus 


laaS. 


Negus 


1340- 


Negus 


.256. 


1870. 
Dec«mbcr 13 




16 


;• 


h. m. 


■■ 


h. m. 
3 19 


a/ 


^ 


h. m. 
3 17 


39-4 


i-t 




EI 









9 14 


33 


a 


9 aa 


39-5 


14 
15 




3" 









a 53 
8 34 


S4 
'5 




a 51 
8 3a 


39-7 
39.7 


15 




'3 









a a5 


ab 




a 24 


39-7 


16 




8 









S II 


38 




8 9 


39-7 


16 




93 









a 31 


a8 




a aq 


39-7 


"7 


11 


18 





11 ao 


5.7 


11 ai 


30 




II 19 


39-8 


'9 


II 


"S 





It i; 


f'-S 


., ■! 


33 




II 16 


40.0 


ai 


11 


as 





II 30 


0.5 


II 31 


37 




11 aq 


40.1 


sa 


9 


a 




9 4 


7. a 


9 S 


39 




9 3 


40. a 






30 




a 3a 


7- = 


a 33 


39 




a 31 


40.4 


Preach 


1778. 




h. ID. 


s. 


:: 


S 


57 
53 


^ 


8 54 
2 50 


47-1 
45-S 











VII.— OBSERVATIONS FOR LATITUDE. 

The observations for Iniiturle are given in detail in Arlilendum R to this report ; but for c 
reference the Tollowing abstract of them is inserted here. 

Ahslrad of Remits of Observatiotii for Latitu^ of the Stone Giin-Ptatform til Syran 



Dale. Objeci. 

1 


Latitude. 


rSTo. 

14 1 Polaris 

14 Polaris 

16 1 Sun 

16 1 Sun 

16 1 Polaris 

16 Polaris 

17 1 Sun 

18 1 Sun 

18 Sun 

19 ' Sun 

to 1 Sun 

tt, , Polaris 

19 Polaris ..... 

ai Sun 

21 ' Sut. 


+ 37 3 63 
66 
47 

sfi 

58 
37 
43 
63 
S3 
61 
*3 

S9 

57 
54 
67 
63 
*** 



m 
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Taking separately the mean of the latitudes resulting from observations on 
the latitudes resulting from observations on Polaris, I find 

Fnim ihe Sun . . - . . . - - + 37 
From Polaris 

Mean . , . . . . ■ + 37 



59-4 ± 0.90 



As the value from the sun, and that from Polaris, differ from each other by more than the square root 
of the sum of the s^iuares of their probable errors, I infer that they are affected by a small constant error, 
and I thtrefore take their mean as the value of the latitude to be derived from my observations. 

Professor Hall's observations at Syracuse, reduced by himself, give for the value of the latitude 



My result for latitude depends on one hundred and two obser\-ed altitudes ; Professor Hall's on sixty- 
four observed altitudes. Giving each determination weight in proportion to the number of altitudes on 
which it depends, I get finally for the latitude of the Stone Gun-Platfomi 

+ 37°3'S2"-G±!"-98 
and that value I adopt. 



VIII.-— TRI ANGULATION AT SYRACUSE. 

In order to connect our observing station al the Stone Gun-Platform with the various conspicuous land- 
marks in the city of Syracuse, it was necessary to make a small triangulation. 

On pas.sing out of the city toward the main-land, about one-eighth of a mile (200 meters) beyond the 
fortifications, we come to an open circular space perhaps three hundred feel (98 meters) in diameter. From 



Fig.fl. 



G ^^— 



this circular apace four roads radiate. That directed N. 81° W, (true) leads to Avola and Noto. Travel- 
ing along it for a little more than half a mile (860 meters) we come to a small stream, crossed by a 
substantial sione bridge of three arches. Continuing in tbe same direction about seven-eighths of a mile 
(1,390 meters) further we come to another fine stone bridge, which, in this case, consists of a single arch 
spanning the Anapus River. The land between these two bridges is low and marshy, and the road is an 
artificial causeway protected throughout nearly its whole length by a stone wall on its eastern side. This 
wall rises about three feet above the surface of the road, and its top is covered with heavy coping-stones. 
On these coping-stones Professor Hall and 1 measured the base-line which is shown on a scale of i to 
10,000 in Figure 4. The causeway was not quite straight, which obliged us to measure the base in four 
sections ; the northern terminus, 5, Fig. 4, being directly above the key -stone in the east face of the central 
arch of the three-arched bridge; and the southern terminus, 6, Fig. 4, being directly above the key-stone in 
the east face of the arch over the Anapus River. The measurements were made on December 20, with my 
Chesterman's metallic tape-line, which is too long in the proportion of 100.134 to 100.000. This explains 
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the origin of the column, "Corrected distances," in the following table giving the details of tlie 
ment of the base-line: 



Suiions. 


Measured Distances 
in Feet 


Corrected Distances 
in Feel. 


Corrected Distances 
in Meiers. 


From 5 10 <■ . . 
From MO/ . . 

From/lo^ . . 
From ^ 10 6 , . 

5'/ . . . . 

^/K ■ ■ ■ ■ 

/Kb ... . 


372.58 
1850.00 

187.75 


37a. 08 

1847.53 
ai47.i3 
187.50 


113.41 
563.15 

654.47 
^7-15 


Observed Angles. 


166 s 

170 30 
144 56 



ing table gives the results of the successive steps in reducing this base to a straight line : 



Stations. 


Angles. 


Distances in 

Feet. 


Distances in 
Meters. 






ifi6 5 
t68 10 47 
ISO 55 48 


asto.51 
4334.38 
44rfl,og 


673.79 
1331.14 

»37i.3a 


From 5 to/ , 






FromsWiT - 




From s to 6 . 





On December 20 and si, I'rofessor Hall and I executed, upon this base, the triangulation shown in 
Fig. s, which is drawn on a scale of i to 15,000. The different stations arc designated in the figure by 
numerals, as follows : 

1 is the Stone Gun -Platform, the position of which is described on page 4S. 

2 is the Light-House on Maniace Castle. 

3 is the highest point in the center of the_^fiMt of the cathedral, which in ancient times was the Tem- 

ple of Minerva. 

4 is the cupola of the Chiesa del Collegio. 

5 is the north end of the base, which is directly above the key-stone in the east face of the central 

arch of the three-arched bridge. 

6 is the south end of the base, which is directly above the key-stone in the east face of the arch of the 

bridge over the Anapus River. 

7 is the Belvedere Tower, which is not shown in the figure. 
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Scale tf Hal/ a Ml 
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By menns of my pocket ststani, Slackpole & Brother, No. 346, the following 



Angles ill I. 


Angles at 5. 


Angles at 6. 


6 1 5 = 23 cj 


153 = 35 It 


.62 = 31 ,4 1 


3 I 5 = 98 =4 


I 5 3 = =a 45 


163 = 15 2 


4 I 5 = 95 13 


154 = ") as 


1 64 = 12 


5 I 7 = 25 24 


352 = 16 16 


363^ 16 .2 


6 1 7 = 48 33 


4 5 2 = IC) 40 


462 = It) 12 




4 5 3= 3 24 


463= 3 a 




3 5 6 = 92 20 


5 6 2 = s6 40 
5 6 1 = 25 27 
563 = 40 39 



By correcting these angles in accordance with the method of least squares, and then convertinji; Lhei 
into directions, the corrected directions given in the third column of the subjoined tabic were obtained. 



TabU of Ciirrectai ami AdjtisUJ Directions. 



Siaiion. 


Object. 


Corrected 
Direction. 


Correction by 
Adjustment. 


Adjusted 
Direction. 


North Base . . . .- 


Stone Gun-Platform . . . 





^ 


+0.49 


2g 




Cupola of Cliicsa del CoUegio 


19 25 


5 


- .a? 


19 25 15 




Cathedral 


22 48 


5 


-1- .10 


22 4S 36 




Light-House 


39 7 







39 7 " 




South Base 


131 27 





- .33 


131 86 40 


South Base - . . . 


North Base 








+ .38 


22 




Stone Gun-Plalfotm , . , 


25 16 


1 


- .61 


25 26 17 




Cupola of Chicsa del CoUegio 


37 a? 


4 


+ .^u 


37 37 46 




Cathedral 


40 28 


1 


- .13 


40 28 47 




Light-House 


56 40 


3 




56 40 iS 


Slune Gun-Platform . 


Cathedral 


a 





- .02 


359 59 59 




Cupola of Chiesa del Collegio 


3 11 





-t- .04 


3 ti 2 




South Rise 


75 15 


5 


+ .29 


75 15 47 




North Base 


98 ^^ 





-0.31 


98 23 4" 




Belvedere Tower .... 


"3 47 


8 




123 47 -43 



In order to facilitate the adjustment of this triangulation by the method of least squares, I have adopte^H 
the following notation: Retaining the numerical designation of the stations already given, two number 
written one above the other indicate the direction from the station corresponding to the lower number ti 
that corresponding to the upi>er number; thus, \ would indicate the direction from 5 to 1, and | would in-'l 
dicatethe direction from 5 to 6. As the difference of two directions is an angle, — 2 + 5 would indicate the^ 
angle 156. If the numbers arc inclosed between brackets they indicate a correction; thus, \\\ would indi- 1 
cate the correction to the direction \ \ \W would indicate the correction to the direction \, and [■■ — J + SJJ 
would indicate the correction to the angle 1 5 6. 
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Proceeding in the usual manner ,• the qi^gidrilateral 1465 furnishes the angle equation 

180*'= 5 16+ 165+651 

and the side equation 

sin I 5 4 . sin 5 6 4 . sin 4 i 6 = sin 4 1*5 . sin 4 5 6 . sin 164 

from which we derive the equations of condition 

o = + 2.4 - [f ] + [ii - 11] + \}] - [I] + [S] 

o = + 83.3 - 35.8 [I] + 30.7 \t] - 16.5 ['l\ - 42.8 f J] - 5.2 ft] + 4.1 f? I 
+ i.i[i]+ 5.'[?J + 59.3U] 
The quadrilateral 1365 furnishes the side equation 

sin I 5 3 . sin 5 6 3 . sin 3 I 6 = sin 3 I 5 . sin 3 5 6 . sin 163 
from which we derive the equation of condition 

o = +' 43-5 - 30^0 [I] + 25.7 [I] - 14.8 [?,] - 32.2 [l\ - 5.2 I ? I + 3-3 [f J 

+ 1.9 [i]+ 4.3[.?J + 47.o[J] 
These three equations of condition give rise to the following : 

Equations of Correlatives. 



I. 
II. 



III. 



V 



4 
1 

A 
1 

fi 
1 

1 

ft 

3 

A 

4 
A 

% 

1 
G 

i 



A 
6 



/zK, 



bYi, 



- 5.2 
4- I -h I.I 

— 1+4.1 

— I - 35.8 

+ 30.7 

-f I :+ 5.1 

+ I ■+ 59.3 

— 42.8 

— I — 16.5 



— 5.2 

4- 1.9 

+ 3-3 

— 30.0 
+ 25.7 

+ 4.3 

+ 47.0 i 

— 32.2 

— 14.8 



The resulting normal equations are, 

= + 2.4+ 6.0 Ki+ 113.7K2+ 94-7^3 
= 4.83.3+ 113.7 +7915.8 +4142.8 
= + 43-5 +94.7 +4142.8 +5085.4 
The solution gives 

Ki = — 0.306 

K2 = — 0.00808 

K3= + 0.00372 

Substituting these values in the equations of correlatives, we obtain the "Corrections by adjustment" 
given in the fourth column of the table of corrected and adjusted directions. Applying the corrections by 
adjustment to the corrected directions, we obtain the adjusted directions given. in the fifth column of the 
same table; and by means -of these adjusted directions the whole triangulation has been computed, as fol- 
lows — the lengths of the sides being given in meters : 



•See a paper by Charles A. Schott, esq., in the United States Coast Survey report for 1854, page 80* et scq. 



66 



OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1870. 



No. 



Denomination. 



I. 



II. 



North Base — South Base . 
Stone Gun-Platform .... 

I North Base 

South Base 

Stone Gun-Platform — South Base 
Stone Gun-Platform — North Base 



! North Base — SouUi Base 
I Cathedral .... 
' North Base .... 

I 

, South Base .... 

Cathedral — S>outh Base 

, Cathedral — North Base 



III. 



IV 



V. 



VI. 



Stone Gun-Platform — North Base 

Cathedral 

Stone Cfun- Platform 

North Base 

Cathedral — North Base 
Cathedral — Stone Gun-Platform 



North B;ise — South Base . 
Chiesa del Colle^Ljio 

North Base 

South liase 

Chiesa del Collei^io — South Base 
Chiesa del Collegio — North Base 



Stone Gun-Platform — South Base 
Chiesa del Collcgio* .... 
Stone Gun-Platform . . T . 

South Base 

Chiesa del Colle^io — 5H>uth Base 
Chiesa del Colle^io — Stone Gun-Pl 



North I^se — South Base 

Lif^ht-Housc 

North Base . 

South Base 

Li|;fht-Hou5u? — South B;isc 

Light-House — North liase 



Observed Corr. by 
Angles. I Adjustment. 



23 8.5 

131 27.0 : 

25 26.9 I 



108 38.5 
40 28.9 



98 24 . o 
22 48.5 



112 1.5 
37 27.4 



I 



72 
12 



I 

4.5 
0.5 ' 



+ 



92 20.0 I 

56 40.3 ! 

i 



36 

49 
59 



26 
29 



18 
23 



5 
o 



15 

59 



20 
22 



Plane Angles and 
Distances. 



1371.4 

23 7 54 
131 26 II 

25 25 55 
2617. I 
1499. I 



1371-4 

30 53 31 

108 38 4 

40 28 25 

2531. I 

1733.8 



1499. I 

58 48 II 
98 23 42 
22 48 7 

1733.8 
679.2 

1371.4 

30 31 II 

ri2 I 25 

37 27 24 

2503.4 
1642.3 



95 
72 
12 



2617.1 
53 46 

4 45 
I 29 

2503.3 
54S.1 



1371.4 

31 o 24 

92 19 40 

56 39 56 

2660.0 

2224.2 



Logarithms. 



3.13716 
0.40578 
9.87488 
9.63290 
3.41782 
3.17584 



3.13716 
0.28952 
9.97662 
9.81231 
3-40330 
3.23899 

3.17584 
0.06784 

9.99532 

9.58833 
3.23900 

2.83201 

3.13716 
0.29428 
9.96709 
9.78402 

3.39S53 
3.21546 

3.41782 
0.00230 
9.97840 
9.31876 

3.39852 
2.73S88 



3.i37i^> 
0.28808 
9.99964 
9.92193 
3.42488 
3-34717 
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For the determination of the azimuths of the sides of the triangles, we have the following angles, 
measured at the Stone Gun- Platform, late in the afternoon, between the Belvedere Tower and the sun. The 
instruments employed were my six-inch sextant, Stackpole & Brother No. 937, and the mean time chro- 
nometer T. S. & J. D. Negus, No. 1115. 



Date. 



1870. 
December 13 



Time by Negus 11 15. 



Angle between Sun l Limb 
and Tower. 1 observed. 



December 15 



December 16 



h. m. s. 

2 45 4.5 

45 58.5 

46 35.5 

47 20.0 

2 8 54.0 

10 iS.o 

11 33.0 

12 36.0 

2 15 35.5 

16 9.0 

f6 42.5 

17 12.0 



59 45 20 

59- 4 30 

58 57 30 

59 22 10 



66 


41 





65 


52 


40 




39 


30 




58 


10 


65 


31 


50 


64 


54 


20 


64 


48 


20 


65 


13 


20 



L. 
R. 
R. 
L. 

L. 
R. 
R. 
L. 

L. 
R. 
R. 
L. 



In order to obtain the zenith distance of the Tower, I measured with my pocket-sextant Stackpole & 
Brother No. 346, the angle included between the Tower and its image reflected from the inclined plane of 
my black-glass artificial horizon. For the reduction of these observations I have employed the formula 



/// 



J=(90° + a)-^ 
in which 

• J=zenith distance of object observed, 

///= angular distance between the object and its reflected image, 

a=angle included between the inclined reflecting plane and a truly level surface. 

In my apparatus there are two inclined black-glass reflectors, designated respectively as A and B. For 
A, «=34° S^'.S; and for B, 4=440 S9'-i- When using them care was taken to place them truly at right 
angles to the vertical plane passing through the eye of the observer and the object to be obseiVed. The 
following are the observations, together with their reduction : 



Date 


December 20 


December 20 


Inclined plane 


A 


B 




1 


t 


Observed values of m 


72 24 


92 19 


1 


24 


20 


Mean 


24 


21 


72 24.0 


92 20.0 


Index Correction 


0.0 


0.0 


Eccentricity . 

m 


— 0.9 


- 0.8 


72 23.1 


92 19.2 


m 


• 




T 


36 1 1 . 6 


46 9.6 


(90^-f-a) 


124 58.8 


134 59.1 


A • 


88 47.2 


88 49-5 
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. The mean of the two values of J is 88° 48'.4, which I have adopted. 
For the determination of the sim*s azimuth we have the formula 



tan M = 



tancJ 



tan A = 



tan /. cos M 



cos / sm( ^ — M) 

where A is to be taken greater or less than 180°, according as / is greater or less than 180^. 
A = azimuth of object, counted from the south around by the west. 
^=declination of object. 
/=hour angle of object. 
^=latitude of place of observation. 
The principal steps in the computation of the azimuth of the Tower will therefore be as follows 



December 13. December 15. | December 16. 



Mean of Observed Times 
Chronometer slow 
i Local Mean Time . 

I Equation of Time 

I 



h. m. 
2 46 



I 

3 



+ 



A 

9 

M 

(9-M) 

Sun's Azimuth ..... . . 

Mean of Obser\'ed /s, Sun and Tower 

Index Correction ........ 

Corrected Z. Sun and Tower . 

Zenith Distance of Tower .... 

Zenith Distance of Sun 

Horizontal Z i Sun and Tower .' . 

Azimuth of Tower 



2 

48 

5 
54 



.— 23 10 

'-f- 37 3 

;- 39 26 

j+ 76 30 

I 52 2g 

59 17 

59 17 

88 48 

81 34 

59 6 

III 35 



s. 
14.6 

43.3 

57.9 
32.8 

30.7 

46 

53 
12 

5 
16 

22 

19 
3 
24 
54 
40 

56 



h» m. 
2 10 



I 
3 



-h 



2 

13 

4 
18 



|- 23 17 

1+ 37 3 

- 33 34 

i+ 70 38 

46 o 

66 2 

66 2 

88 48 

76 13 

65 35 

III 36 



s. 
52.5 
44.4 
36.9 

35.9 

12.8 

It 

38 

53 

13 
6 

48 

50 
36 

14 

24 
10 

47 

35 



h. m. 
2 16 



I 

3 



! + 



2 
19 

4 

23 



— 23 20 

+ 37 3 

- 34 i9 
+ 71 23 

46 54 

6s 6 

65 6 

88 48 

76 59 

64 42 

III" 37 



s. 
24.8 

44.7 

9.5 
6.6 

16. 1 

// 

25 
53 
55 
48 

33 
58 
13 

45 
24 

o 

31 
4 



Taking the mean of the three observed values, we have 

O I II 

. Azimuth from Stone Gun- Platform to Belvedere Tower ...... 1 1 1 36 32 

Z North Base and Belvedere Tower 25 24 7 

Azimuth from Stone Gun- Platform to North Base 86 12 



25 



The azimuths of such other of the sides as were required, together with the differences of latitude and 
longitude, have been computed by means of the formulae and tables of the United States Coast Sur\'ey.* 
The results are appended. The columns headed " Azimuth " and " Distance " contain respectively the 
azimuths and distances from the stations named in the first column to those named in the sixth column. The 
column headed " Back .Azimuth" contains the azimuths from the stations named in the sixth column to 
those named in the first column. 



•The formulcc and tables are given in the United States Coast Survey Report for i860, pp. 361-391. The formula; alone 
are given in my Report on the Total Solar Eclipse of August 7, 1869, Appendix II to the Washington Observations for 1867, 

P-57. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBEIl 22, 1870. 



IX.— TELEGRAPHIC DETERMINATION OF DIFFERENCES OF LONGITUDE. 

If we let 

JX = difference of longitude between two stations ; west longitudes being taken as positive ; 
T^ = time by face of eastern clock when it sends a signal, and 

T„ = time by face of western clock when that signal is received at the western station ; 
T'„ = time by face of western clock when it sends a signal, and 
T'^ = time by face of eastern clock when that signal is received at the eastern station; 

/ = time occupied in the passage of a signal from one station to the other ; 
JT^, J7^^, J7^^, and J 7''„= respectively the corrections necessary to reduce the time indicated by 
the faces of the eastern and western clocks to true local time at the instants 7^, 7^,, 7^, T\ ; 
. then, neglecting personal equation, when the eastern clock sends and the signals arc received at the western 
station, we shall have 

and when the western clock sends, and the signals are received at the eastern station, we shall have 
from which we get 

_ _( 7>-7;) + ( r'. - r^y . (Jt.^jt;) + (jtv-JT^,) 



j; = 



+ 



2 2 

If the rates of the clocks are small, the second term in the expression for the value of / may usually be 
neglected.- 

Difference of Longitude between Syracuse and Malta, 

The observations at Syracuse were made by me, at the Stone Gun- Platform, and have already been 
given in detail on page 59. The observations at Malta were made by Professor Hall, with the Pistor and 
Martins patent sextant No. 107, of six inches radius, a mercurial artificial horizon, and the mean time chro- 
nometer T. S. & J. D. Negus No. 1228. On December 13, lie observed at Spencer^s Monument; on 
December 14, 15, and 16, he observed on the flat roof of the Telegraph Office, which, according to the Ord- 
nance survey map on a scale of i to 2500, is 6040 feet north, and 760 feet east, of Spencer's Monument. 
The reduction from the Telegraph Office to Spencer's Monument will therefore be, in latitude — 59".73i and 
in longitude + 9"- 2 3 = + o**.6i5. 

Professor Hall obtains from his observations the following results :• 

Observations for Latitude. 



Date. Statioa. 

1 


Object. 


1870. 
Dec. 13 

14 

15 


Spencer's Monument . 
Telegraph Office . . . 
Telegraph Office . . 


Sun 

Sun . . 

Sun 



*- 


Observed 
Latitude of Sta- 
tion. 


Resulting Latitude 

of Spencer's 

Monument. 




a 1 n 


» n 


16 • 


+ 35 52 55 


+ 35 52 55. 


12 


54 


60.3 


8 


54 23 


83.3 



The mean of the three results is 35O 53' 6^'±S^'.8; but as a comparison of the adopted latitude of 
Syracuse with that obtained from Professor Hall's sextant observations shows the latter to be 7" too large, 
I subtract that amount from the mean given above, and obtain finall)^ 

Latitude of Spencer's Monument = + 35° 52' 59"±5^^8 



•For theobsenrations in detail see pages 30 to 38. 
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Chro9wnuter 2. S. &* y, D. Negiis No. 1228 slow of Local Mean Time, by Obsenfation. 



Date. 

• 


Station. 


A.M. 


P.M. 


Correction at 
Noon. 


1870. 




h. 


m. s. 


s. 


h. m. s. 


December 13 


Spencer's Monument, Malta . 


+ 


57 29.0* 






14 


Telegraph Office, Malta . 




28.4 


28.6 


4-0 57 28.5 


15 


Telegraph Office, Malta . . 




28.0 


29.2 


28.6 


16 


Telegraph Office, Malta 




28.7 


29.7 


2g.2 


17 


Stone Gun-Platform, Syracuse 


4- r 


• 38.9 


39.3 


+ 1 39.1 


18 


Stone Gun-Platform, Syracuse 




'38.1 


40.0 


390 


19 


Stone Gun-Platform, Syracuse 




38.6 


37-8 


38.2 


21 


Stone Gun-Platform, Syracuse 


• 


39-4 


37.5 


38.4 


22 


Stone Gun-Platform, Syracuse 




37.2 







* Reduction to Telegraph Office = -f o«.6. 

The teletgraph line between Malta and Syracuse is made up of 56 ^^ knots = 65.1 statute miles = 104.8 
kilometers of submarine cable, and 155.4 statute miles = 250 kilometers of wire stretched in the air. The 
total length of the line is therefore 220 J^ miles = 354^ kilometers. The battery at Malta consisted of 
twenty small-sized Daniels cells, (Pile Callaud, Italian model,) while that at Syracuse consisted of twenty 
small-sized Daniels cells with the liquids in contact, known in Italy as the " Pila Callaud a strozzatura senza 



Fig. 6. 



CL 



diaframma." The arrangement of the instruments on the line was such 
as is never seen in the United States, but I believe it is quite common in 
Europe. At each station there was a galvanic battery, e. Fig. 6; a 
polarized receiving-magnet, r, which recorded the signals with ink upon 
a long fillet of paper running at the rate of about eight-tenths of an inch 
per second ; a transmitting-key, b, having a front and a back contact ; 
and an earth-plate, d. The battery e had one of its poles connected 
with the earth-plate d^ and the other attached to a point under the 
front contact of the key b. The polarized receiving-magnet c had 
one end of its coil connected with the earth-plate d, and the other end 
attached to a point under the back contact of the key b. The line 
wire a, coming in from the distant station, was attached to the axis of 
the key b, which, when not in use for sending signals, habitually rested 
on its back contact, and thus put the line to earth through the receiving, 
magnet c. Things being in this condition, any current arriving from 
the distant station was at once made evident by the receiving-magnet c. 
If it was desired to send a signal to the distant station, the key b was 
depressed, thus breaking the contact between the earth and the line, 
and establishing a connection between the latter and the battery e. In 
order to render this apparatus as convenient as possible for the exchange 

of longitude signals, I added to it the local battery /and the key ^, connected with the receiving-magnet 
<:, in the manner shown in the figure. 
The following was the 

PROGRAMME FOR THE DETERMINATION OF DIFFERENCE OF LONGITUDE. 

I. Mean time box chronometers, beating half-seconds, will be used at each station, and their corrections and rates will be 
determineil by means of observations on the sun, made both in the morning and in the afternoon, with sextants and mercurial 
artificial horizons. In order to 'elifninate constant errors, care will be taken that the observations in the morning and in the 
afternoon are made with the sun at al)oiit the same altitude; that in each case an equal number of altitudes are taken on one limb 
of the sun with the roof of the horizon in one position, and on the other limb of the sun with the roof of the horizon reversed ; 
and that the index error of the sextant employed is well determined with each set of observations. 




y^ 



^/ifjijiri , :r.K\ '^ r^?, .v,:^'>^;n ^«' -.i-^'^x^jia -l rs-^-. 






'am-. 'fA^^^ * *f » \\ ^- *^r/,'^t*. '/^r. 

' ^ z*'" /<, /' '/^ 4lf, ^^ '/f '/^ 'r ; ^ <-.■ i^--,-^#i_ v-.u'. :» i#- » il ^vit.riti** /.r ur*^ lun Utr. -ajtm-^ St : --.^=..1x1:=- 

•'X/'V***' <* * ' *'/ t\^**/rj> '»^.-.:.«'^ ♦»i/^ » :1 v,mittr;v^ n^+w-rti" 4s;*- vn -i*?: <^ .f ^ ii.. .ni.vnTTimr- n rrna>T mnr^ifirTirsr 
<KA '«> >•♦♦/ ''/i^.^ ''X^',^/',fViA?» ♦•*./; «t \»w»''/in. '/ VI*- #»/.vi/t -iw.nijj; -^r* v, twir"ji rajfi virjrnnuijf ;r' -sum mnnn* 27 ;nnrTTT^ 

^*^^ /^ ^ ;i />*#«yi ^yy^/f^ ^f,^, f,\\ f'^/.y'', >^ ".^^u i.v. -.1.-, ir.» v^'»',.v,nA:in!;f v, iin: jL.r, ".ac vTicii ttts nmo*:! ztairt 

'W/'^^z/iM^A*//, *j^»« ^V».>/».vjf ;» *.rAA ./4.A .-, „t,^:r, "^ v^SO"".-.^ / -su-Jf. -cu:i.u> -wl vt -^rti^p^istri -.7 ±e :inis^:ii it ±>e S:c 
f*fH^y^rwfr% */t O '^///f^Ji ^,'/r, *':„! '.«■• i/jn^ *t^ 'ufy. -r, 'c^. rv/a*"^!**^ 4A7 4 '•.ll Ttrjrxi x t^r-jis '-C ices -j-j:T*szicci5sLir zo 
^'^h fti'*i **-^fffiA *A *M '•V//4/ ,.> *hf'^^fti^**'fi */•: 'i-^ '''•^.'.•»;.v;f '/ 'arJ-* »„-. vrjt 'i 'box -iir-,OMEiKir v-Z vt 5e«§;3iCj»i by tw^D 
/t/*^'; *♦ 7t*i f^*A//*i //< /,^M />///?•: 7?.> f^Ai/ sf^; .V..-. »> '/ -^a/J", *.r,T'Xj-jix,^KT v-.rr-r.pr'.rja::^ Vj tL,* 'legrnr:^ -:c cce ot iti 

A * ^'x^r *H »>*A *Miti>f k* U^itJt h*A t^*t, t*fAiij'A 'A *^,r. \^^\x %tA n^itti'f: c/^rr^ri pryr-'irrtg v* ±tf lait i^S^ sect finom STTaca^?e^ 
>/A ^rM /»'► »M *Alt*^f n* 'V//ii»/'»<A ,/ f^ IX /A;(ii1^ f// ff//-rf^ * ,'^aU (f'^m M»Uj^ awi ojxjC. rACRTing an aSnrtarrrc reply the opera- 
ti^/tf* *\t.-4jf^0t-i\ ,t>t*rr»^ ti^th Sf*- ft-^ft^ithA, « //>j/ thai »hK ♦*fr»^ ?i'*^- K\'^aU wi!! f>t *eRt r/r the otSccr at Malra. tappmg cpoa his key 

'l\if' toUhwthfi nft* ^Uf hHthf-rt/ u\ fU:litih of rh/; work, F.a/,h line in the columns headed - Number of 
*>i^jKih" yjvta lUt' fntm^f^'f of ^\^jiu\^ rfn/l off frotn the fillc-t, the mean of which furnished the chronometer 
nfftiftfift^^ftt ft'fOftU'fi ou Mm' %'4mt* Uuf, Ih*: hc^jdings of the other r»lumns will be sufficiendy intelligible 
wtlUoiti tmfiiiihihottt tf If !■* \forh*' tit ntth*\ th;jt the notation employed Ls that given on page 70. 

CompttfiwH of Chrofwmftm ohtaiufd by readinj^ off tlu Syracuse FilUt. 



IMIK, 


No, of 


Ni;|cii« rrf5 at 
.Syrar;iiMj. 

h. fri, %. 


NcguK 122S at 
Maha, 

h. m. s. 


(re- 7".) 


i>»7". 


h. m. s. 


hiw. \'\ 


47 


'' 3'' 55. 7» 


33 0.00 


— 2 4.22 


»'» 


14 


1 13 55'53 


3 15 0.00 


4.48 


M 


r; 


:i M 55") • 


317 0.00 


4.81 


iri 


17 


1 54. Nt 


I 12 O.fX) 


5.19 



{ omf*ilti\oH of ( yuvNom/fn ohtainaf hy Readhti^ off the Malta Fillet. 



\h\\\\ 


1 

Nil. nf 


NrKiiM 1115 at 
SyuuMiwr. 


NoKUS 1228 at 
Malta. 


(7;-r„) 


|N'/M. 




h. ni. N. 


h. m. s. 


h. m. s. 


I>«M. \S 


4'» 


(» at ().(H) ~ 


23 4.23 


— 2 4.23 


14 


ys 


3 17 O.IH) 


3 19 4.43 


4.43 


t!^ 


y^ 


3 85 o.tK> - 


- 3 37 4.76 


4.76 


\{\ 


:^5 


! 3 O.tH) 


-= t 5 5.24; 


. . 5.24 



• W\\\\\ A \\\'^\\\^\\\\\\ \\\ \K\\ <\^\\A\s r\\UrtU|:tHl UMwtvu Syrrtcuso and Malta. Pmfessor Hall finds that the probable error of 
H thh«Uouu>tr( \^^\\|U((M^n \\\^\\<' Vs nuMn^ ol' t\ Hin|*W sisnAl is only ( <>vo34 of a second. 
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The probable error of a chronometer comparison obtained from the mean of thirty signals is about 
ito".oo7. 

As the rates of the chronometers were small, I assume J 7^ = J T\^ and J 7^ = J T'^, By means 
of a simple interpolation the tables on pages 59 and 7 1 furnish the 

Chronometer Corrections at the Time of the Exchange of Signals. 



Date. 


1 

Negus 1 1 15 at ' Negus 1228 at 

Syracuse. Malta. 

1 


(A 7;- A 7;,) 


1870. 


h. m. s. h. m. s. 


h. m. s. 


Dec. 13 


+ I 2 43.20 +0 57 29.55 


+ 5 13.65 


14 


43.95 1 28.52 


15.43 


15 


44.41 28.70 


15.71 


16 


44.70 29.25 

1 


15.45 



Resulting Differences of Longitude and Wave limes. 



Dale. 


^T\-T'„) 


^Te-T^) 


1870. 


h. m. s. 


h. m. s. 


Dec. 13 


— I 2. II 


— I 2.12 


14 


2.24 


2.22 


15 


2.41 


2.38 


16 


2.60 


2.62 



(AT-^-AT-^.) 

h. m. s. 
+ 05 13.65 

15.43 
15.71 
15.45 



A?. 


/ 


h. m. s. 


s. 


4-03 9.42 


4- o.oi 


10.97 


— .02 


10.92 


- .03 


10.23 


H- .02 



The negative values of / probably indicate that that quantity is less than the personal equation of the 
observers in tapping. If we give half weight to the result of December 13, we get 

J/i = + o^* 3™ Io^52 ± 0*.2I 
But an application of Peirce*s criterion shows that the result of December 13 should be rejected; and as the 
time observations at Malta on that day were made on one side of the meridian only, and in consequence 
may be affected by a considerable constant error, I have di.scarded it. The mean of the remaining three 
results is 

JA = + o^ 3»" io«.7i ± o«.i6 

which I adopt as the best value obtainable from our work.* 

It would seem that time determined by means of sextants used in the manner described above must 
be free from all personality; but, in order to make sure of this point, I compared Professor HalPs chronometer 
corrections, given on page 71, with my own, given on page 59, by means of the chronometer comparisons 
given on page 60. In that way I found that the correction necessary to reduce Professor Hall's time to 
mine was, on December r7, + o".i ; on December 18, + o".! ; on December 19, + o*.8; and on 
December 21, + o"-S- These numbers might be taken as an indication of a personal equation; but, as they 
are less than the change in the difference between the results of the forenoon and afternoon observations 
on these very days, I prefer to consider them as accidental errors, and to assume that no real personal equa- 
tion exists. 



*If we assume Professor Hall's chronometer to have had a constant rate from December 14 to December 21, then each ot 
the three corrections observed at Malta will furnish an equation of condition involving the correction at a given date, the rate, 
and the difference of longitude between Syracuse and Malta; and each of the four corrections observed at Syracuse will furnish 
an equation of condition involving the correction at the given date, and the rate. Solving these equations by the method of 
least squares, the chronometric difference of longitude will be found to be o^ 3™ io*.23. 
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Our final result for difference of longitude will therefore be 

h. m. s. 

Stone Gun- Platform, Syracuse, east of Telegraph Office, Malta ...03 10.71 

Spencer's Monument, west of Telegraph Office at Malta + 0-615 

Light on Maniace Castle, east of Stone Gun-Platform, Syracuse ... -f 0.861 

Light on Maniace Castle, Syracuse, east of Spencer's Monument, Malta . o 3 i2.i9ito*.i6 



The English Admiralty chart, dated December 10, 1869, gives, as the difference of longitude between 
these two points, o® 47' 24" = o'* 3"' 9".6, a value which is too small by 2".6 = 39". 

Diffcmice of Ij)ti^(iide hetiveen Malta and Gibraltar, 

The observations at Malta were made by Professor Hall, as described above. Those at Gibraltar 
were made by Professor Newcomb, with a Gambey sextant of seven inches radius and a mercurial artificial 
horizon ; and as he observed in throe different localities, it is desirable, in the first place, to determine the 
reduction from each of these localities to some well-marked position. In order to accomplish this with as 
much accuracy as possible, I procured a copy of the English Admiralty chart of Gibraltar, dated July 27, 
1869, the topography upon which is from the Ordnance plan of 1868, and the scale of which is i. 00 inch 
to 1 03 1 feet. Upon this chart the Signal Tower and the Base of the New Mole were marked, and Pro- 
fessor Newcomb was kind enough to point out on it the exact location of the Telegraph Office and the 
approximate positions of the American Consul's House and of his station at Buena Vista. Then, by means 
of the (^rdinatos given on page 9 of his report, I laid off the position of Buena Vista Station fi-om the Sig- 
nal Tower, from the Base of the New Mole, and from the Telegraph Ofiice. To my surprise I obtained 
three different points, two of which fell in the sea. To unravel the difficulty, I laid down on a piece of 
tracing-])aper the relative positions of the Telegraph Office, the American Consul's House, the Signal Tower, 
the Base of the New Mole, and Buena Vista Station, employing for that purpose the scale of the chart and 
Professor Newcomb's co-ordinates. Then superposing the tracing-paper on the chart in such a manner 
that the Signal Tower and the Base of the New Mole marked upon the former fell over the same points 
marked u])on the latter, I found that all the other points marked on the paper also coincided with fhe cor- 
resj)onding ]H)ints on the chart as accurately as could be expected when it was considered that the measure- 
ments of the ordinates were only made to the nearest hundred feet. Distributing the outstanding differ- 
ences as evenly as possible among the several known stations, I transferred the positions of Buena Vista 
Station and the .\merican Consul's House to the chart with all desirable accuracy by pricking them 
through from the tracing-]>aper. From the ]H^sition of Buena Vista Station thus determined the ordinates 
of the other stations were measured on the chart, and the results are given in the.columns Xand Kbf the 
following table : the axis of X being taken in the meridian, and that of )'in the prime vertical. The numbers 
in the columns /• and .7 have been computed from those in the columns A' and I'by means of the formulae 

r = 1031 \^A'* + r* tan ^ = , > 

r Inking the liistance and .7 the azimuth fR)m Buena Vista to anv other station. The numl>ers in the col- 
umns /•' ami A' have been computeil from Professor Newcomb's co-ordinates by means of the formulae 
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A comparison of the distances in the columns r and r' shows that they are as nearly identical as could 
be expected, considering the rough nature of Professor Nevvcomb*s measurements; but the azimuths in the 
columns A and A' differ from each other considerably, as shown in the column A'-A^ and indicate an angle 
of about five degrees between the direction of the meridian emj)loyed by Professor Newcomb and that of 
the Admiralty chart. Adopting the meridian of the chart, I find the following reductions necessary in 
passing from the stations named to Buena Vista: 



Station. 


• 

Reduction in 
Latitude. 


Reduction in 
Longitude. 


Telegraph Office .... 
American Consul's House 

■ 

Flag-Staff at Landing- Place . 


1 n 
-I 25.8 
— I 7.6 
-0 26.5 


1 II 

— 26.7 

— 16.6 

— 22.6 • 



I'he minus sign before a reduction in latitude, or longitude, indicates that the station to which it belongs 
is further north, or further west, than Buena Vista. 

Professor Newcomb obtains from his observations the following results :• 



Observations for Latitude, 





• 




< 


Observed 


Resulting 


Date. 


Station. 


Object. 


Latitude of Sta- 


Latitude of 










tion. 


Buena Vista. 


1870. 








t It 


1 n 


Dec. 15 


Telegraph Office . 


Sun 


6 


-h 36 8 25 


-1-36 6 59.2 


15 


Telegraph Office . 


Polaris 


5 


8 25 


59-2 


20 


Buena Vista Station . . 


Sun 


6 


6 44 


44. 


26 


American Consul's House 


a Ceti . . 


5 


7 41 


33.4 


26 


American Consul's House 


Polaris 


6 


8 12 


64.4 



Taking the means, I find 

o / // 

From the Sun and a Ceti . . . - . - . + 3^ 6 45.5 

From Polaris ......... 61.8 

which seems to indicate thjit the observations are affected by a constant error amounting to 8^^.i. 

recti ng for this error, I obtain finally 

Latitude of Buena Vista Station = + 36** G' 53'^6 i 2^.8 



Cor- 



For the observations in detail see pages 17 to 21. 
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Chronometer 7. S, &* J^, D. Negiis^ No. 126^, fast of Local Af can Time by Observation, 



Date. 



Station. 



Dec. 



d. 
14.95 
15.15 
15.25 
15.40 

15.42 
16.32 
20.11 



Dec. 



20.34 
21.36 
22.42 
23.01 



Telegraph Office, Gibraltar 
Telegraph Office, Gibraltar 
Telegraph Office, Gibraltar 
Telegraph Office, Gibraltar 
Telegraph Office, Gibraltar 
Telegraph Office, Gibraltar 
Buena Visia Station, Gibraltar 



Object. 






o . 

V.S ' si 
« I S5 

m I ^ 



Correction to 
Chronometer. 



Sun . 

Sun . 

I 

\ a Lyra; 

Jupiter . 
' a Andromedae 
a Lvrx 

Sun . 



E. 

W. 

W. 

E. 

W. 

W. 

W. 



4 
7 
4 
7 
2 

5 
3 



h. m. 
o 22 



s. 

8.7 
16.3 

16. 1 
16.9 
16.8 
14.6 
19. 1 



Observed with Portable Transit. 



Buena Vista Station, Gibraltar 
Buena Vista Station, Gibraltar 
Buena Vista Station, Gibraltar 
Buena Vista Station, Gibraltar 



S stars 
7 stars 
7 stars 
I star 



o 22 20.84 
21.22 
21.70 
22.7 



The reduction of a chronometer correction from the Telegraph Office to Buena Vista is +i'-78. 

The length of the submarine telegraph cable between Malta and Gibraltar is 1025 knots = 1389 sta.tute 
miles = 2235 kilometers. It is worked by means of condensers, no battery current being allowed to enter 
the line. The instruments employed for the purposes of communication are Sir William Thomson's reflect- 
ing galvanometers. For information as to the method of sending and receiving the longitude signals refer- 
ence may be made to page 24 of Professor Newcomb's report and page 41 of Professor HalFs report. The 
following are the numerical details of the work : 

Comparison of Chronometers obtained from the Sigttals received at Malta, 



1 

Date. 

1 

i 

1 


1 
1 ' 

1 Number of' 

: 1 

1 Signals. | 


Negus 122S at 
Malta. 


Negus 1265 at 
Gibraltar. 


(T.-T^) 


1870. 

i Dec. 15 

1 

i 16 


1 1 

: 

1 

18 ' 

1 1 

: 21 ! 


h. m. s. 
4 47 43.68 = 

23 34 43.05 = 


h. in. s. 
= 4 48 0.00 
= 23 35 0.00 


h. m. s. 
— 00 16.32 
16.95 



Comparison of Chronometers obtained from the Signals received at Gibraltar. 



Date. 



1870. 
Dec. 15 
16 



Number of' Negus 1228 at Negus 1265 at 
Signals. 



Malta. 



Gibraltar. 



18 
17 



h. m. s. h. m. s. 

4 55 0.00 = 4 55 17.34 

23 42 o.o(j = 23 42 18.13 



(r.-r.,) 



h. m. s. I 

I 

— o o 17.34 , 

18.13 ' 



The probable error of a chronometer comparison obtained from the mean of eighteen signals is about 
rt o*.oi. 
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As the rates of the chronometers were small, I assume AT^=z.AT'^, and J7^ = ^T*„. The correc- 
tions of the chronometers at the times of exchanging signals have been obtained as follows: A simple 
interpolation among the numbers contained in the table on page 71 gives, for the correction to the Malta 
chronometer on December 15, +0^ 57*" 28*.72. By means of the known difference of longitude, artd the 
telegraphic comparison of chronometers, the Syracuse observations give, for the correction of the Malta 
chronometer on the same date, + o^ 57"* 28*.9i. The mean of these two results is + o^ 57*" 28*.82, which 
I adopt. In the same way, on December 16 I find the correction of the Malta chronometer to be, irom 
the Malta observations, + o^ 57"* 29'.22, and from the Syracuse observations, + o^ 57*" 28*.78. The mean 
is 4- o^ 57*^ 2 9*. 00, which I adopt. The mean of Professor Newcomb*s observations at Gibraltar, on De- 
cember 15, gives, for the correction of his chronometer at 6^^ 50"* p. m. on that day, — o^ 22'" i6".52. A 
comparison of this correction with that obtained on December 20 gives, for the rate of the chronometer, 

— i".2i per day, allowance having been made* for the difference of longitude between the Telegraph Office 
and Buena Vista. The correction of this chronometer, when it indicated 4^ 5i"*p. m. on December 15, was 
therefore — o^ 22"* i6®.42. On December 16, at 7^ 45''^ p. m., the observations make the correction 

— o** 22*" i4*-6, and, by interpolating between this result and that ot the day before, the correction at 
jjh ^gm 2i. m. becomes — o^ 22^" i5*.2. If, on the other hand, we carry forward the correction, from 
December 15 by means of the rate given above, we get — o^ 22"^ i7*-37. Collecting our results, we have 
the following table of 

Chronometer Corrections at the Time of the Exchange of Signals. 



Date. 



1870. 
Dec. 15 

16 

16 



Negus 1228 
at Malta. 



h. m. s. 

+ o 57 28.82 

29.00 
29.00 



Negus 1265 
at Gibraltar. 



h. m. s. 
o 22 16.42 

15.2 
17.4 



h. m. s. 
'+ I 19 45.24 

44.2 
46.4 



Date. 



1870. 
Dec. 15 
16 
16 



Resulting Differences of Longitude and Wave Times. 



i(7;-n.) 



h. m. s. 

o o 8.16 
8.48 
8.48 



\{T\-T'^) 



h. m. s. 
o o 8.67 

9.06 

9.06 



(ATe-Ar.) 


M 


/ 


h. m. s. 


h. m. s. 


s. 


h I 19 45.24 


+ I 19 28.41 


-i-0.51 


44.2 


26.7 


.58 


46.4 


28.9 





On December 13, 14, 15, and 16, Negus 11 15 was compared with two other chronometers at Syracuse, 
and, by means of the telegraph, with the Malta chronometer also. These comparisons show, beyond all 
question, that the latter instrument was running regularly, and, from an interval of seven days. Professor 
Hairs observations give it a daily gaining rate of 0^.09, but my own observations make the rate zero. The 
telegraphic comparisons of this instrument with the Gibraltar chronometer, on December 15 and 16, show 
that the latter was certainly gaining not less than i*.oo per day, while Professor Newcomb's time determina- 
tions on these days give it a losing rate of i*.89. It therefore follows that at least one of the time 
determinations must be affected by a large error. That on December 15 depends upon observations of four 
different objects, three of them being to the west, and one to the east, of the meridian, and all giving nearly 
the same chronometer correction; while that on December 16 depends upon a single set of five altitudes of 
a Lyrae. Under the circumstances there cannot be th« least hesitation in rejecting the latter, and with it 
the resulting value of J^ , which is +1^ 19™ 26".7. From the method employed in arriving at the other value 
of the Gibraltar chronometer correction on the same day, it is evident that the resulting AX depends almost 
wholly on the time determination of the 15th, and I therefore reject it also, and adopt the first value given 
in the table above, namely, Ak =4-1^ 19™ 28*.4i. 

The observations for time having been made with sextants, used in such a manner as to eliminate all 
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constant errors, I assume that they are free from personal equation. The probable errors of the chronometer 
corrections, on December 15, areas follows: At Malta i 0^.07, derived from the discrepancies between the 
adopted correction and the corrections given, respectively, by Professor Hall's observations and my own. 
At Gibraltar it o*.i3, derived from the discrepancies between the individual corrections and the mean of the 
whole. The probable error of the telegraphic comparison of chronometers is i o".oi. Hence the prob- 
able error of J^ is .-t o".i5. 

Our final result for difference of longitude will therefore be : 

h m s 

Telegraph Office, Malta, east of Telegraph Office, Gibraltar . . . i 19 28.41 
Spencer's Monument, west of Telegraph Office, Malta .... — 0.615 

Flag-Staff at Landing-Place, east of Telegraph Office, Gibraltar . — 0.271 



Spencer's Monument, Malta, east of Flag-Staff, Gibraltar 



I 19 27.52io-.15 



X.— GEOGRAPHICAL POSITIONS DETERMINFl) BY THE UNITED STATES NAVAL 

OBSERVATORY PAR'J lES. 

Collecting our results, and rejecting superfluous figures, we have the following 

Table of Gco<:;raphkal Positions. 

f Xorth Latitudes an«l WcHt IjOiiptinloH aro taken as positive] 



Station. 



Latitud 


c. 


1 

Longitude in 
from Grecnw 


Arc 
ich. 


Longitude in Time 
from Greenwich. 

h. m. s. 


Longitude in Time 
from Washin^on. 


• 


1 


II 


1 

1 '^ ' 


h. m. 


s. 


+ 36 


7 


20 


4- 5 2o 


45 


-t- 21 


23.0 


• -4 46 


49.0 


36 


6 


54 


-t- 5 20 


22 


+ 21 


21.5 


4 46 


50.5 


35 


52 


59 


- 14 31 


8 


-0 58 


4.5 


6 6 


16.5 


37 


3 


53 


' 15 iS 

1 


57 


I I 


15.8 


6 9 


27.8 


37 


3 


52 


i 15 18 


57 


I I 


15.8 


6 9 


27.8 


37 


3 


52 


15 18 


58 


I I 


15.9 

^ 


6 9 


27.9 


37 


3 


50 


15 18 


58 


I I 


15.9 


6 9 


27.9 


+ 37 


3 


8 


- 15 19 

1 _ _ 


10 


— I I 


16.7 


-6 9 


28.7 



Flag-Staff at Landing-Placc, Gibraltar . 
Bucna Vista Station, Gibraltar .... 
Spencer's Monument, Malta .... 
Stone Gun-Platform, Syracuse .... 
Prof. Harkness' Telescope, Syracuse. 
Prof. Eastman's Telescope, Syracuse. 
Mr. Brothers' Telescope, Syracuse 
Light-IIousc on Maniace Castle, Syracuse 



Owing to a break in the telegraph cable between Gibraltar and Lisbon, Professor Newcomb was unable 
to connect his station with Greenwich, and I have therefore made all our longitudes depend upon the posi- 
tion of the Flag-Staff, at the Landing- Place, in Gibraltar, which I have taken to be o^ 21" 23».o west of 
Greenwich. 

In order to show precisely how much the positions given by our observations differ from those hereto- 
fore adoj^ted, I api)end the following list, which is made up from the latest EngHsh Admiralty charts. The 
columns dL and ifM contain respectively the corrections which nmst be ai)plied to the latitudes and longi- 
tudes of the charts in order to reduce them to our own. 



Station. 



Flag-Staff at Landing- Place, Gibraltar , . 
Spencer's Monument, Malta .... 
Light-House on Maniace Castle, Syracuse 



Latitude. 



(if. 



+ 36 7 10 + 10 , 
35 53 o - I ; 

+ 37 3 o -t- 8 ! 



Longitude. 



+ 5 20 45 

- 14 31 o 

— 15 18 24 




Date of Chan. 



July 27, 1869 
Aug. 16, 1861 
Dec. 10, 1869 



/ 
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XL— MAGNETIC DECLINATION AT SYRACUSE. 

In order to determine the magnetic declination, I made the following observations of the bearing of 
the Belvedere Tower, from the Stone Gun-Platform, with my prismatic compass, the card of which is divided 
to single degrees, and numbered from o° to 360° ; 0° corresponding to the magnetic south, and the numbers 
increasing toward the west. It has an index error of + o''.6. The true bearing of the Belvedere Tower 
was N. 68° 23'W. = iii°.6. 







Magnetic Bearing 


Resulting 


Date. 


Time. 


of the Belvedere 


Magnetic 






Tower. 

• 


Declination. 


1870. 










Dec. 16 


4.00 p. m. 


124.0 


12.4 west 


17 


12.30 p. m. 


124.0 


12.4 west 


18 


9.40 a. m. 


124.0 


12.4 west 


21 

! 

1 


8.10 a. ra. 


123.9 


12.3 west 



12° 22' west. 



11° 46' west. 



Taking the mean, we have 

Observed magnetic declination 
Correction for index error of compass . . 

True magnetic declination ....... 

The probable error of this result I estimate at ± 8'. 

XII.— OBSERVATIONS ON THE DAY OF THE ECLIPSE. 

Before describing the observations on the day of the eclipse, I must not forget to mention that, without 
even a hint from us that such a thing would be desirable, the Prefect most kindly directed the military 
commandant. Lieutenant Colonel Augusto Rossi, to furnish a sufficient number of troops to insure the 
maintenance of order and quiet in the neighborhood of our observing station on that occasion. For this 
purpose the bastion was guarded by a battalion of infantry from a little before noon till after the eclipse was 
over, and, although a great crowd of people gathered in the street opposite, we were enabled to make our 
observations without any interruption. We owe the Prefect and Lieutenant Colonel Rossi sincere thanks 
for their thoughtfulness in contributing to our success. 

While at Malta I was so fortunate as to make the acquaintance of Captain G. L. Tupman, of the Royal 
Marine Artillery, who was at that time attached to the English iroQ-clad ship of war Prince Consort. Being 
an enthusiastic amateur astronomer, he became interested in our expedition and most generously volunteered 
to assist me in the spectroscopic observations, by directing the finder of my telescope to the various parts of 
the corona which it might be desirable to examine. He arrived in Syracuse on the morning of Wednesday, 
December 21, and rendered most efficient service, not only during the eclipse itself, but also in much of the 
preliminary and subsequent work. His letter describing his observations forms Addendum D to this report, 
and it affords me great pleasure to place on record an acknowledgment of the obligations which the expedi- 
tion owes to him. 

For eight days after our arrival in Sicily the weather was superb ; but on December 20 a change took 
place, the barometer began to fall, the wind began to rise, and, although at times the heavens were perfectly 
clear, still for the most part they were either completely overcast or else flecked with drifting clouds, and 
this state of affairs continued long after we left Syracuse. However, at the beginning of the eclipse the sky 
in the neighborhood of the sun was perfectly clear, and I observed fhe first contact with my three-inch tele- 
scope, armed with a Huygenian eye-piece magnifying 65^ diameters, at n** 35"* ^1^-S ^7 ^^ ^^^^ ^^ ^^^ 
chronometer Negus 11 15. As the eclipse advanced I looked very carefully for the bright line which was 
shown in such a marked manner along the edge of the moon's limb in the photographs taken by Dr. Curtis, 
at Des Moines, in August, 1869, but, although I used both red and neutral tint shade glasses, and the defini- 
tion in the telescope was excellent, I could not see any trace of it till 12** 8™, when I fancied I saw a very 
faint and narrow bright line, but I am far from being certain that such a line really existed. In fact, I am 
inclined to think it was only the effect of contrast between the bright sun and the dark moon. 
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Wiih the assistance of Captain Tupmao. about !>'' 20" I attached the spectroscope to the telescope, 
applied the necessary counterpoises, placed the slit so that it was inclined from a vertical drcle about ten or 
fifteen degrees toward the north, and adjusted the neeiUe in the finder so that when its point fell upon a 
horn of the solar crescvnt the image of that horn fell accurately within the jaws of the slit. A quarter of 
an hour before totality a dense cloud came over the sun and hid it entirely. The wind was blowing half a 
gale, and although my telescope, with its solid substantial mounting, was under the lee of the parapet of the 
bastion, it was far from being so steady as was desirable. When I tried to light my lanterns 1 found it was 
impottsibie, even in the most sheltered place, and I was obliged to ukc them into the storehouse and light 
them there, in carrying them back to the telescope one was blown out, but by crouching down behind the 
[tarapct and sheltering it with our bodies, Captain Tupman and I succeeded in lighting it again, after which 
1 attached it to the spectroscope to illuminatethe micrometer scale. It was now within less than five minutes 
of totality, and fortunately the cloud covering the sun was fast becoming thinner. Presently a slender cres- 
cent, which was all that remained of the solar disk, became visible, dwindled rapidly away, and at i*" o" i i.'o 
I observed the commencement of totality with my naked eye. The cloud was sufficiently transparent to 
allow the corona to be seen through it, but, of course, much diminished both in extent and brilliancy, and I 
do not think it was more than half or two-ihird.* as extensive as that which 1 witnessed at Des Moines in 
August. 1869. Qn that occasion it had a well-marked trapezoidal form, but this time it seemed to me to be 
nearly circular ; however, my view of it was limited to a mere glance at the commencement of totality, and 
it may have appeared differently afterward. The general illumination of the atmosphere was considerable ; 
in fact, it was not really dark, for, in addition to the outlines of objects, the details were also visible to a con- 
siderable extent. 

I spent the first ten or fifteen seconds of the totality in examining the corona with an Arago polari- 
scopc. This instrument consists of a plate of selenite and a double-image prism, placed almost in contact 
with each other, and mounted in a brassj:ell, 0.43 of an inch thick, for the purpose of slipping on to an eye- 
piece, so that it may be used for telescopic observation. The eye-piece contains a diaphragm of such diam- 
eter that when it is seen through the polariscojie two circular fields of view appear, tangent to each other; 
and if polarized light is present these fields of view are of complementary colors. When the cell is removed 
from the eye-piece its field of view has no longer any well-defined boundary, and if a beam of polarized 
light is then examined with it the effect of the prism will be to displace one portion of the beam upon 
another, and no complementary colors can ajipear except at the very edge of the field. Now, bearing in 
mind that the seiiarating angle of the prism is 2" 31', let us apply this to the case of the eclipse. Looking 
at the corona through the polnriscope, two images of it will be seen well separated from each other, and 
everywhere else one portion of the sky will be displaced upon another portion 2° 31' distant. Under these 
circumstances, no matter whether the sky is polarized or not. it can exhibit only its natural color, unless, 
indeed, the polarization varies so rapidly that its differoice at points a° 31' apart is sensible in the instrument. 
If the corona is polarized in the some pUne, and to precisely the same extent, as the surrounding sky, the 
two images of it will also appear of their natural color ; but if it is either more or less polarized than ih^ 
surrounding sky these images will be of complementary tints, and the arrangement of the tints will show 
whether the polarization is radial or confined to a single plane. In order to discriminate between the cases 
where the corona is (Milarized to an extent different from the surrounding sky, or not polari/ed at all, it will 
he necessary to examine it with the same polariscope, provided with u diaphragm so arranged as to exhibit 
two fields of view tangent to each other. Then, if the corona is polariicd, the two images will be of com- 
plementary tints, while if it is not polarized, they will be 01 their natural color. The exj>criments I tried 
were therefore as follows: First I employed the jwlariscopc provided with a diaphragm, and I saw that in 
each field the sky and the corona were of the same tint, but in the two fields these tints were complement.-iry 
to eac:h other. Next 1 employeil iJie polariscope without the diaphragm, and I then saw the sky of its 
natural color, and the two images of the corona also of their natural color. Clearly, the inference to be 
drawn from these observations is that, so far as the instrument was capable of determining, the light from 
the sky and th.nt from the corona were polariicd lo the same extent; and knowing that the polarization of 
the sky is produced in our own atmosphere." I infer that that of the corona had the same origin, and there- 

* II may lie at>jnicU thai undi^r Ihc citcum^tsni.'ct of a Inlol ctlijMC we iln nibt know Ihal the |iulnriiation of the sky n pro- 
■)uc«<l in our ■Iminplucrc, liccause the light uf ihe >.ky will then be iitinct|ial1y due t» rhe Liirona. anil if the light nf the lallcr U 
poUtiidl Ihnt i>f ihc romicr miut alio be >». To thU I reply Ihal the <iuanlilalivc olMcrvation-i mndc .it Syracuse liy Mr. G. 
GtiHith, of the Etii^Uh Expedition, show that the nmounl of poliiritntidn increawd from the mixui't center outward \ a fact which 
oui qoly be occounlcd for by luppoting Ihc |intriri>3iion Id be cllbcleil In our moio^phcTc 



REPORT OF PROFESSOR HARK.NESS. 



Si 



lore that when the light was emitted Trom the corona it was not polarixed at all. As the tints were faint it 
was difficult to determine the plane or planes of polarization, and I could not spwe time for the attempt. 

Dropping the polariscojie, I sprang to the spectroscope, and Captain Tupman directed it to the corona. 
1 at once saw a green line, but the wind had blown out the lantern which illuminated the micrometer scale, 
and, in order to determine the position of the line, I seized my second lantern, which was standing in a 
sheltered place, held it lo the spectroscope, glanced in, saw that the reading was about the same as at Des 
Moints in 1869, and before I could determine it accurately the wind blew out this lantern also, and 1 was 
deprived of all means of making exact measures. However, there cannot be the slightest doubt that the 
line in ijuestion was the now famous 1474, whose wave length is 531.6 millionlJis of a millimeter. Captain 
Tupman then directed the spectroscope to many different parts of the corona, and wherever the light was 
sufficiently bright to show anything I saw the same green line. It is difficult to say precisely how far I traced 
it from the sun, but certainly to a distance not less than from ten to fifteen minutes. Once I saw two oiher 
fainter green lines, of a less degreeofrefrangibility, which I am pretty confident also belonged to the corona. 
In addition to these, I several times saw a complete hydrogen spectrum, and on each occasion, supposing it to 
be due to a prominence, I taxed Captain Tupman with having the needle point of the finder near one of them. 
Once or twice he admitted that such was the case, but in one or two other instances he denied it. Feeling 
certainthat the lines were produced by prominences, I paid little attention to the circumstanje at the time; but 
on talking over the subject with the Captain afterward, he as'sured me that on ac least one occasion I accused 
him of having the pointer near prominences when such was not the case. This puzzled me considerably, 
but after a little reflection I hit upon what I think is the true explanation. The slit of the spectroscope had 
a length of o.io ol an inch, which, with the telescope employed, would give a field of view 15' 46" high. 
Hence, when the slit was radial to the sun, one end of it might easily be upon a prominence when the 
needle point in the finder was eight minutes distant from it. During the last few seconds of totality the 
thin cloud covering the sun became nearly dissipated, and the faint, continuous spectrum of the corona 
became visible, but before there was time to examine it the totality was over. Notwithstanding the evidence 
of the chronometer, I could scarcely believe it had lasted one hundred and two seconds. It seemed to me 
but a moment, and I felt far fi-om satisfied with what I had accomplished. The high wind and the thin 
cloud over the sun placed me at a great disadvantage, and prevented me fi-om doing much that would have 
been easily within my grasp under more favorable circumstances. 

Five minutes after the totality was over the sky in the neighborhood of the sun became perfectly clear 
and remained so till the last contact, which I observed at 2'' 19™ o'.o. It will be noticed that this time is 
considerably earlier than that given by Professors Hall and Eastman, but, unless 1 made a mistake of ten 
seconds in reading the chronometer, I am unable to explain the cause of the difference. The wind had 
gone down, so that my telescope was as steady as the ground 00 which it stood ; the definition was admi- 
rable, the power 65^^, and I lefi the eye-piece under the impression that I had recorded the contact perhaps 
a litde too late. 

I believe the following table contains all the times of contact observed at Syracuse. The different 
columns explain themselves. The adopted local mean time depends u])on the correction derived from my 
own observations for the chronometer Negus 1115. Professor Hall's observations to determine the error or 
r Negus 1228 would make all these times o'.j earher. 
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TIhus of O/ntatt between the Limbs of the Sun ami Moon, observtd at Syrairuse, 
SUify, during the Total Solar Eciipse of Decemier 22, 1870. 



Chronomcier. Ci 



Eastman. 
Griffith . 

Hall . , 
Darkness 

Eustman . 
Griffilh . 
Hall . . 
Harkncss 
Tupman. 
Eastman. 
Griffilh . 
Hall . , 
Tupman. 
Enslman. 
GriHilli . 
Hall . . 
flarkncas 



Negus 

Negus 

Negus 

Negus 
Negus 
Negus 



I. Observed Time. Local Mean Time, 



First 
First 
First 

Second 

Second 

Second 

Third 

Third 

Third 

Third 

Fourth 

Fourth 

Fourth 



37 35- 
35 37- S 



S 3S-5 

3 37. 



19 



* Prtjhalily there was a mistake of lo* in reading the chronometer, and this should be 3* 21" SS*.?. 

Having thtis slatted the facts, it only remains to consider what light they throw upon solar physics 
and the ]>hcnomcna cxhihiteil duiing eclipses. This we will now proceed to do. 

Ori/,in (if the Bright Line seen along the Projection of the Moon's Limb upon l^e Solar Disk in Photographs of 
Eclipses. — ^This line seems to have been observed upon all photographs of solar eclipses hitherto taken, and 
its catise has been the subject of much discussion, in which such eminent men as Mt- Airy, Professor Challis, 
and Mr. Dc La Rue have participated. After the eclipse of August, 1869, Professor Henry Morton exam- 
ined the <iucstion, and made some experiments which showed pretty conclusively that the phenomenon is a 
chemical effect produced in developing the photograph ;" while, on the other hand. Dr. Edward Curtis, 
in his report on the same eclijise.t described other experiments tending to show that it is due to diflraction, 
and this view he further sup]>orted by a note from Dr. F. A. P. Barnard, in which an attempt is made to 
show that such a bright line was to be expected as a consequence of the undulatory theory of light. Finally, 
in March, 1870, Professor Edward C. Pickering made a critical examination of Dr. Barnard's theory, and 
showed most conclusively from Fresnel's equaliotis that diflraction was not capable of producing the effect 
which had been attributed to it. J Under these circumstances the intjuiry naturally arose whether or not the 
line was visible to the eye during the progress of an eclipse. Here again the evidence was contradictory. 
Professor Stephen Alexander affirming that he saw it in 1831, and again at Labrador in July, t8flo,§ while 
Professor Smith was unable to detect it in August, 1869. I therefore made it an object of special attention 
during the eclipse of last December, and, as already slated, I failed to find it. On the whole, I think wc 
are entitled to conclude that the line has no real existence during an eclipse, and that Professor Morton's 
explanation of its presence on the photographs is the true one. 

Is the Light of the Conma Ihlariied prior toenlering the Earth's Almospliere f — As already stated, my obser- 
vations lend to answer this question in the negative ; but the evidence afforded by other observers is so 
conflicting that ihc matter cannot be regarded as settled, and must be an object of further investigation in 1 
future eclipses. 

Spretrum of the Corona. — All parts of the corona which are sufficiently near the sun give a faint but abso- | 

•Journal of the Franklin Institute, December, 1S69, Vol. 58, p. 373. 
I Washington Obtervations for 1S67, Appendix II, pp. 135 lo 141. 
1 Jniimal at the Franklin Inslitnle, April, 1S70, Vol. 59, p. 364. 
f United Suites Coii^t Survey Rejmrt for i860, p. 241. 
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lulely continuous spectrum, crossed by a single bright line, whose wave length is 531.6 millionths of a milli- 
meter; and as the spectroscope is moved outward from the sun the light gradually vanishes, the coniinuous 
s|ieclrum disappearing first, and afterward the bright line. Judging from Professor Young's observations in 
August, iS6g, and from Father Denza's and my own in December, 1870, 1 feel pretty certain that some 
parts of the corona give in addition two other bright lines in the green, which are fainter and less refrangible 
than that whose wave length is 531-6. The origin of the faint continuous spectrum I attribute mostly to 
the presence of a little comparatively cool hydrogen in those parts of the corona nearest the sun, but it may 
also be partially due to the substance which gives the bright line. This latter substance I am inclined to 
think is most probably incandescent vapor of iron, but it would not be surprising if it turned out to be a new 

I%vsical Constilutwn of the Corona. — That the corona is partially self-luminous, emitting light whose 
wave length is 531.6, is now universally conceded ; but at least one high authority seems to hold the opin- 
ion that the self-luminous portion does not extend more than from two to six minutes above the surface ot 
the sun, and (hat all parts of the corona outside of that limit are produced by means of reflection taking 
place at some point not definitely specified. Let us e.xamine this theory. If there is any reflection in the 
case it must happen in one oi three places, namely : i. In the earth's atmosphere under which term 1 
include a space extending not more than one hundred miles from the earth's surface; 2. Between the upper 
limit of the earth's atmosphere and the moon; or 3. In the neighborhood of the sun. 

Before considering where the reflection takes place, it will be well to comprehend cleariy the circum- 
stances under which reflection is possible. Fortunately, 00 this point the experiments of Professor Tyndall 
are perfectly decisive. By passing a powerfully condensed beam of electric light through his experimental 
tubes he found that no matter whether they were filled with air, gas, or vapor, so long as they contained 
neither dust, motes, nor other solid or liquid particles, they scattered no light, and it was only when 
such jianicles were produced within them that the presence of the electric beam became sensible." We are 
therefore certain that air, and many other gases and vapors — probably all matter -in the gaseous state — is 
absolutely incapable of reflecting any light whatever. Thus the theory that twilight is partly due to the 
reflection of the sun's rays by the atmosphere falls to the ground, and we learn that the only reflecting 
agents are Impalpable dust and liquid particles. Hence, the duration of twilight gives us a measure, not 
of the height of the earth's atmosphere, but of the height to which dust and liquid particles extend in that 
atmosphere. We shall have occasion to apply this principle presently. 

The heat of the oxy-hydrogen flame is sufficient to volatilise almost all known substances, but it will 
not suflicc to render any gas incandescent. For that purpose the electric spark must be employed. We are 
therefore certain that the heat required to produce a gaseous spectrum is far greater than that required to 
volatilize any of the elements; and as the spectroscope shows that that part of the corona universally 
admitted to be self-luminous is composed of incandescent gas, we are entitled to conclude, with a degree of 
probability amounting almost to certainty, that no solid or liiiuid matter can exist in its neighborhood. But 
it has been already shown that gaseous matter is incapable of reflecting light, and it therefore follows that 
no part of the corona can be due to reflection taking place at or near the sun. This view is also supported 
by the tact that what litde polarizarion is found in the light of the corona seems to be produced in the 
earth's atmosphere.! Furthermore, as the light of the photosphere exceeds that of the chromosphere at 
least 500,000 rimes, if any reflection takes place between the sun and a point, say, one hundred miles above 
the earth's surface, we should expect the Hght so reflected to be that of the photosphere, but no photospheric 
light has ever been detected in any part of the corona. Professor Young has indeed said that the continu- 
ous spectrum of the corona is partly due to such light, and has even given reasons to account for the absence 
of Fraunhofer's lines in it ;{ but nearly two yeat^ ago I suggested that this continuous spectrum was probably 
due to coo! hydrogen,§ and lately Mr. Lockyer has succeeded in showing exi>eri mentally that this gas when 
at a comparatively low temperature does yield a continuous spectrum, together with the bright hne F, and, 
if I do not misunderstand him, he also is now of the opinion that it is the cause of the continuous spectrum 
of the corona-ll On the whole, it seems certain that there is no reflection anywhere between the surface of 
the sun and the moon's orbit. 



• See Tynftall's Fragments of Science, pp. 146 and 306. 
t It will Iw observed that no milter wliethi,-r ihc light of llie corona is pr 
c should expect the polnrifalion to be radial. 

t . American Journal of Science, Qj,] Vol. I, p. jii, and Vol. 11, p. 53. 
(Washington Olwervalions for 1867, Appendix II, root.nnte on p^e 65. 
llNaturf, Vol. IV, p. 150. 
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The «rbok tmdencf t>r modem discovery is to show that the tsaith's atmosphere ha% a definite upper 
limit; but, ia order to make as strong 3 caic as pcHsible for the theory that part of the corona b produced 
by redcciioa taking place between the moon and the earth, we will supijose thai ii eniends to. or beyond, 
the maoa'^ orbit. ITicn we may comimte the density of the atmosphere which the moon would be capable 
of gathering oliuut it!keira& follows: Taking the diameter of the earth to be 7916 miles, thai of the moon 
to be 3963 miles and the moon's mass to be 0.0 ■ 14 that of the earth, it can be shown that at an elevation 
of^ 6110 milc^ above the earth's surface terrestrial gravity will Iw reduced [a an ei|uatity with that existing 
U the moon*5 surface. If we atsume that she laws which govern the expansion of gases near the earth's 
surface still hold at that altitude, [^place's barometrical formula will give for the atmospheric [ffessure there 
— - of an inch ol mercury,* which will also be the pressure al the moon's sur&cc. 

If we let 

jV= number of particle* in a unit of volume of any gas; 

jV=: mass of each particle ; 
r = velocity of each particle; 
then it ran be shown-from the mechanical theor)- of gases that, at the same pressure and temperature, both 
^and iVH arc constant for all gases.t II ia well known that the lumimfervus ether liehaves in many re- 
spects more like a solid than a gas, and that the vibrations of sound are longitudinal, while those of light 
are Iransvenal : but. for the sake of getting a rough approximation to the urifrr of density of the luminifer- J 
Otis ether, we will assume that this ether is a gas, and that the velocity of light in it is the same function I 
of its I' that the velocity of sound in oxygen and hydrogen gas is of their i-'s. I'he heSl authorities give, for ] 
the specific gravity of oxygen, 1.1056, and for the velocity of sound in it, 317-0 meters per second ; for I 
the sjiecihc gravity of hydrogen, 0.0693, ^"""^ *'"' ^'^ velocity of sound in it, 1169.1 meters per second. ] 
These numlieis give, for oxygen, log Mt' = 5.0456 : and for hydrogen, log Aft^ = 5.0477. The mean is, 
log Afx^ =5.0466. which I adopt. f In order to avoid all ((uesEions of pressure and temperature, I take as 
the velocity of light the value found by M. Foucaull, from exi>criments ma'le in the Paris Observatory, namely 
>98,ooo,ooo meters per second.^ Taking air as unity, this gives for the specific gravity of the luminiferous 

s surface supports a column of mercury 30 inches high, it will follow that 



under the same circumstances the ether would suppor a colui 



^ "j^ inches high. Taking i 



I consider- 



ation the fact Ihai the velocity of light found by Foucault in the rooms of the Paris Observatory scarcely 
diflers from that found in space by means of the eclipses of Jujiilcr's satellites, 1 think we must admit that 
the density of the luminiferous ether is not affected by gravity, and that it will probably be the same at the 
moon's surface as at the earth's surface. .Now, comparing the density just found for this ether with that 
computed for the atmosphere at the moon's surface, it will be seen that the former is 61 X 10"" times greater 
than the latter I 

No one can be more sensible ihan myself of the very great uncertainty lo which these figures are liable; 
but after making an enormous allowance for the effect of errors, they would still suffice to prove that the 
moon is not capable nf retaining an atmosphere such as ours, even if she hail once been provided with it, 
and that beyond a comparatively short distance from the earth's surface no matter possessing the power of 
reflecting light can possibly exist, unless moving with a velocity comparable with that of the planets. 

We naturally come next to the consideration of Oudeman's theory, which he states thus: "Both the 
corona and its beams have the same origin as the lodiacal light."|| As the origin of the zodiacal light is 
one of the greatest enigmas of astronomy, this explanation would be somewhat dilficult to understand, were 

* Al lome copici of ihit report will £ill inlii the hoDili of persODS whose sdendfic allunmenls are but modcrale, inJ lo 
6 
whnm Ihf DoUduD — - nuiy noi be familwr, perhaps it nill be well to write this qiuDlity ont u a decimal taction. I( wW 

iben itnul Ihmt 



t lUuMmtioo* of die Dynamical Theory of Gase.. by Protasor J. C. Mnirwcll. I.. E. & IL fhil, Mny,, :86o. Vol. XIX, J 
p. 30. 

I Slridly. Ihoc nanhcri ore not the logirilhmi of Mt^, but of At-.'' muiiiptied by an unknuwn cun'^Iam. 
t t^omptn Kenilui, Nov., 1861, p. 796. 
I Nantre. Vol. III. p. 16. 
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it not that in another part of his article he attributes its production to "particles which float in the ether" 
between the earth's atmosphere and the sun, and thus reflect the solar light to us. As already shown, the 
duration of twilight furnishes an accurate measure of the height above the surface of the earth at which 
particles capable of reBeciing the sunbeams can float, and the result obtained in this way is usually con- 
sidered tobe45 niiles. 1 am not awarethatany observationshaveever been made which givearesultsogreat 
as 100 miles. Employing Laplace's barometrical formula as before, and expressing the density of the air 
in terms of the height of the column of mercury which it can sustain, I find the density at 45 miles eleva- 



tion to be 0.0038 of an inch, and at 100 mites - 



0.000000087, "f^ ^" inch. As the least of these den- 



sities is more than 2300 times greater tlian that found above for the luminiferous ether, it does not seem 
possible that particles of any known substance can float in it. If any particles exist they must therefore be 
moving in orbits about either the moon, the earth, or the sun — in other words, they must be meleoroids. 
■l"he richest stream of these bodies of which we have any knowledge is that through which the earth passes 
annually on or about November 13, but the most condensed portion of that stream is only encountered 
once in thirty-three years. Our last encounter with it was on the night of November 13-14, 1867, and on 
that occasion, during the thickest of the shower, the officers on duty at this Observatory counted tlie falling 
meteors at the rate of 3000 per hour; from which Professor Newcomb found that on an average th!;re was 
one meteoroid in 900,000 cubic miles of space*. Clearly, even if the stream were increased in density a 
hundred-fold, the sun-light which it would be capable of reflecting could not produce any continuous illumi- 
nation however faint. Thus, then, all the facts within our knowledge seem to point to the conclusion that 
no reflecting substance which can have any influence in the production of the corona exists between the 
earth's atmosphere and the sun. 

Now let us examine the phenomena which are relied upon to prove that the origin of some part of the 
corona is due to reflection taking place in the earth's atmosphere. These phenomena may be classed as 
follows: I. Drawings of the corona of one and the same eclipse, made by persons at different places differ 
from each other greatly. 2. During the eclijise of last December, Professor Peirce, stationed two miles 
from Catania, Sicily, saw the outer corona tinged rosy-reel over the prominences — a place where no intensely 
heated hydrogen could possibly exist. f 3. During the same eclipse. Professor Young, stationed at Xercs, 
in Spain, saw the line C, 6' or 7' from the sun, far above any possible hydrogen atmosphere;! Mr. Perry, 
also in Spain, saw a hydrogen si.>ectrum 8' away from the sun;§ and some observer in Spain, || about whom 
I have not been able lo get any definite information, seems 10 have seen a hydrogen spectrum upon the 
face of the dark moon itself. 

The light here referred to as giving rise to some part of the corona by reflection in the earth's atmo- 
sphere, I understand to be that of the chromosphere and corona itself. The theory that direct sun-hghi 
might be so reflected was discussed in my report on the eclipse of August, i86g,fl and it is not necessary to 
refer 10 it again at present, more especially as I believe it is now universally admitted that such a theory Is 
entirely untenable. 

In reply to the first class of e\-idence'adduced above lo prove reflection, I would urge that no reliable 
deductions can be obtained from tlie diflerences existing between drawings made at jilaces some distance 
apart, because it is well known that fully as great diflerences are seen in drawings made by persons stationed 
within a few feet of each other. An excellent illustration of this was fumisheil during die ec!ij«e of last 
December. A fleet of one Italian and five English vessels of war were at Aci Reale, on the coast of 
Sicily, trying to save the English dispatch- vessel Psyche, and many drawings of the corona were made by 
the officers of these vessels ; but, judging from ihe published account, no two of them were alike. In fact, 
two sketches made on the deck of the same ship, the Lord Warden, were so different that it could not have 
been supposed they were intended to represent the same object." These differences probably arose partly 
from want of artistic skill, and still more from the bewildering effect of the strange and exciting phenomena 
of a total eclipse witnessed, perhaps, for the first time. 1 have seen so many instances of amateurs making 

* United Stales Navol Observatory Reporls on the Novemher Meteors of 1867, p. ri. 
I Nature, Vol. III. p. 3M. 
I Nature, Vol. III. p. 261. 
{Nature, Vol. HI, p. 223. 

IQuoted by Mr. Lockyer in Nature, Vol. Ill, p. aaj. 

1 Washington Observations for 1867, .\ppendix 11, p. 64. See also Proctor's Work on the Sun, p. 357. 
" Nature, Vol. HI, pp, 322 and 123. 
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magnificeni sketcbo of cetetal pheooBKiU. which could not possibly have eusted, thai I confess 1 hare 
lillle confidence in aairdeltneuioas of the corona not made by trained otMcrvers who were at the same time 
competent diaoghtsmen. FviAataoK, 11 b 3 matter of common experience that whenever a bright object 
is seen on a daik groaod, that obyect wiU appear to be surrounded by a greater or less number of very dis- 
tinct rays. Vet no ooc inugtnes these lavs to be real. They are purely subjective, and can be made to 
dkappear from the most daxdiBg obfcct by looking ai it through a dark glass, or from a tnoderaiely bright 
obfect by viewing it throi^ a idcscope of low power. That the corona exhibits real rays cannot be 
donbleil, iMxaox they hav« been pfaotogniphed ; but, as it is a bnght object on a dark ground, when vieweil 
by the naVcd eve it wiD smdy be sunounded by some spurious ones also, and therefore no confidence can 
be placed in the reality of the existence of any faini rays which have not been seen by means of a tele- 
scope or opera-gUsa. To recajiitulate, the condilioRs necessarj- for the production of a trustworthy drawing 
of the comta an, thii the penon making it shall be a trained observer and competent draughtsman, and 
that no details shaD be recorded whkb are not visble through an opera-glass. 

Mr. Lockyei, in two veiy aWe papers relative to the eclipse of last December, has said that although 
Mr. Brothci?' phot<^raphs taken at Syracuse show such vast rifts in the corona, none of these rifts were 
taw tiy any of our party ; and to this statement be appears to attach considerable importance.* I regret to 
say that he is in error as to the facts. The great rift was seen by Professor Hall, and is menttoncd in hts 
report.) 

.\s to the second and third classes ot evidence adduced above to prove that pan of the corona is due 
to reflection taking place in the earth's atmosphere, I have only to say that they ajjply solely to the eclipse 
of last Decembo-, which happened at a time when the heavens were thick with haze and clouds of all 
kinds, and no one has ever for an instant thought of denying that light passing through such an atmosphere 
must be more 01 1^ reflected. Manifestly these prooEi have no application to the case of a dear and 
ttanspduent sky, and there ts not the sUghtest reason to suppose that the aspect of the corona seen tn such 
a sky would be any more altered by it than that of a nebula, or the moon, seen under the same circum- 

In view of the evidence which has been discussed, it seems safe to conclude that when the sky is per- 
(iccliy dear there is nothing between the eye of the observer and the solar sur&ce which can appreciably 
alter either the appearance or extent of the corona ; and under such circumstances, anything seen in it by 
the aid of a properly adjusted telescope may be confidendy received as representing phenomena occur- 
ring at the son ; but if the obser>-ations are made with the naked eye the real phenomena will almost certainly 
be more or less complicated by subjective appearances de|>ending upon irradiation. 

From the time of Dr. Wyberd in r65i, down to the present moment, there have not been wanting pei- 
90CS who say that the corona exhibits a rotan* motion, but, as these statements are expressly contradicted 
by nearly all oliservers of known skill, it is not necessary to consider them further here. There srill remains 
wKMbcr cJoss of phenomena which cannot be distrussed so summarily, because iheir existence has been 
aJiirmed by astronomers of the vwy highest reputation. 1 allude to variations in the brightness of the corona, 
and 10 rap. bearn^, or rifts in it. Otto Stmve, observing ai L'ipcsfc in 1S42, found the corona so bright 
that the naked e)'e could scarcely endure iL Mr. Airy has been fortunate enough to witness several total 
eclipses, and he testifies thai the corona was much brighter in some of them than in others. The experience 
of the officers bdonging 10 this Observatory is the same; the corona appear^ much tvigbter in .August, 1869, 
than in December, 1870. I'he existence of rays, streamers, and rifts in it is a matter of common notoriety. 
How are these appearances to bcexplaiiKd ? Do we know of any other similar phenomena depending upon 
ascertained canses ? I think we do. Tbe sun is surrounded by a red hydrogen aimo^hcre, which varies in 
depth, jnst as the corona does. The ontline of this atmosphere is broken by vast protidieranccs. convspond- 
ini; to the rajre, or streamers, of the corona. These ptotuheraiKcs vai>- in position. extenL and number, 
•wtaatbetaysorstreanicrsdD. And finally, these protuibcrances are sometimes brighter, sometimes fainter, 
{ Qpon tbe tetoperatarc of the hydrogen composing them, just as the rays of the coroita vary 
like analof^ is complete, and, if we assume that the luminous gas composing the corona is 
^ected from dte sun in the sane manner as the reil prominences, all the observed facts will be accounted 
far; even to snch an extreme case as that exhiluted in the picture made by Mr. Gilman at Sioux City, 
Iowa, in August, i869( — a picture, by the way, of whose accuracy I am convinced. Moist steam i 

• Satan, Vol. III. (>. 13^, and VoL IV, p. aj»- 

tSte pige tg <it lli»e rciwrts. 

] Wiilniictoa UtwrrUiutii for 1S67, Appcmfii II, plalc it. 
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from a boiler at the very moderate pressure of fifty pounds per square inch develops torrents of electricity. 
The best information we possess indicates that the hydrogen of the red prominences is belched forth with 
a velocity of about one hundred and twenty miles per second, and it does not seem unreasonable to sup- 
pose that it may carry with it a little spray. If it does, then, judging from analogy, the friction of this spray 
against the mouth of the crater from which it is escaping will probably generate electricity in quantities of 
which we can have simply no conception, and it may very likely play some part in the production of the 
long streamers of the corona. In conclusion, the theory which I propose may be stated as follows : 

IV/ien seen in a clear sky^ the corona is a purely solar phenofnenon, produced by a vast body of self-luminous 
gas — not improbably incandescent vapor of iron — which envelopes the sun and is erupted from it in the same 
manner as the red prominences. 

Very respectfully, 

WM. HARKNESS, 

Professor of Mathematics^ U, S. Navy. 
Rear-Admiral B. F. Sands, U. S. N., 

Superintendent U. S. Naval Observatory^ Washington^ D, C. 
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2-3 
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h^ fit. %. 1 
, iff 4 «»,', I 



lift 



1 r/.H 



l:fitH^ Mhfitt hmh , , , , , '; iH /|«,7 



||M*M^ Mlf*tf«fVHM/(M^ Whih hwin tll'filM* fMMItl. 



l>*/;il Apt/ar*?nt Time . 
K/piaf Jon of Time . . 



• • 



• • 



• "3 9 50.0 

h. m. s. 
10 15 22.4 



- 5 39-6 



lx/r;il Mftan Time 10 9 42.8 

Tlmr \ty Chronometer . . . . 9 6 59.0 



Chronometer nlow of Local M.T. . i 243.8 



Tht^iin obpirrvntlonii were made before noon. 
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ADDENDUM A— Continued. 



SUN . . . DECEMBER 13. 


SUN . . . DECEMBER 13, 


Index Corr. 
E 

Index Corr., &c. 


On Arc — w. 


Off Atc=oK 


Index Corr. 
E 

Index Corr., &c. 


On Arc — w. 


Off Arc = wJ. 


33 10 

10 




1 II 

359 27 40 
40 
40 


32 50 
40 

35 


1 II 

359 27 40 
50 
50 


- 23.4 
+ 8.5 




— 14.2 
+ 3-0 




— 14.9 


— II. 2 


Means 

Index Corr., &c. 

Q 

Refraction 

Parallax 


2 Altitude. 


Chronometer. 


Means 

Index Corr., &c. 

Q 

Refraction 

Parallax 


2 Altitude. 


Chronometer. 


or II 

51 50 

52 
10 

51 20 
30 

40 


h. m. s. 
9 14 56.5 

15 56.5 

16 57.5 

18 31.0 

19 36.5 

20 36.5 


1 II 

22 45 

30 

15 

22 45 

30 
15 


h. m. s. 

2 25 9-5 
26 0.0 
26 49.5 

. 28 45.5 

29 35-5 

30 25.5 


51 45 0.0 
- 14.9 


9 17 45.8 


22 30 
— II. 2 


2 27 47.6 



Ther. 63. 

in. 
Bar. 30.27 


1 II 
. 113 10 43.3 

h. m. s. 
3 36 3.7 

- 5 33.2 


51 44 45.1 

- I 57.4 
+ 8.1 


22 29 48.8 

- 4 39-2 
+ 8.8 


Polar Distance of Object . . 

Local Apparent Time .... 
Equation of Time 


1 II 
. 113 9 51.8 

h. m. s. 
10 26 8.9 

- 5 39-4 


Polar Distance of Object 

Local Apparent Time . . . , 
Equation of Time 

Local Mean Time 

Time by Chronometer . , , . 

Chronometer slow of Local M. T. . 


Local Mean Time 

Time by Chronometer . 


10 20 29.5 
. 9 17 45.8 


3 30 30.5 
2 27 47.6 


Chronometer slow of Local M.T. 


I 2 43.7 


I 2 42.9 


These observation 


is were mad^'be 

• •• 


fore noon. 


These observation 


s were made aft 


er noon. 



Note. — The observations before noon on December 13 were made at the Prima Porta Terra, which is o".i3 east of 
the Stone Gun-Platform. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1S70. 



ADDENDUM A— Continued. 



SUN . 



DECEMBER 13. 



i On Arc = w. Offarc = cj>. 



Index Corr. 
i E 



-h 



Indcx Corr., &c. - 



32 45 
45 
50 

o 21.7 
2.7 

o 19.0 



359 27 50 
28 o 
28 o 



SUN . 



DECEMBER 14. 



I On Arc = w. OffArc^w'. 



Index Corr. 
E 



+ 



2 Altitude. Chronometer. 









' 


1 1 


' 


h. ni. s. 








20 45 







2 31 490 








30 







32 38.0 


■ 






15 





1 

i 


33 27.5 








20 45 







35 20.5 








30 







36 10.5 








15 







3^^ 590 


Means 


&c. 


— 


20 30 


0. 
19. 







2 34 24.1 


Index Corr., 





Q 






20 29 41. 





Thcr. 62.5 


Refraction 




— 


5 


5- 


5 


in. 


Parallax 




+ 




8. 


9 


Bar. 30.22 



Index Corr., &c. — 



33 10 

15 
20 

o 34.2 ; 

6.9 I 

I 

O 27.3 i 



359 27 50 

28 o 

27 50 



I 2 Altitude. Chronometer. 



/ It 



I Polar Distance of Object 

I 

! Local Apparent Time 

Equation of Time 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



113 10 44.4 

h. m. s. 
3 42 40.3 

- 5 33-1 



3 37 7.2 
2 34 24.1 

I 2 43.1 



These observations were made after noon. 



Means 

Index Corr., &c. 

a 

Refraction 
Parallax 



44 o o 

15 o 

30 o 

44 o o 

15 o 

30 o 



44 15 0.0 

- 27.3 

44 14 32.7 

- 2 19.7 
+ 8.3 



h. m. s. 
8 35 41.0 

36 500 

• 37 59.5 

40 40.0 

41 500 
43 2.0 



8 39 20.4 



Polar Distance of Object 

Local Apparent Time 
Equation of Time 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



"3 13 34.1 

h. m. s. 
9 47 147 

- 5 "5 



9 42 3.2 
8 39 20.4 

I 2 42.8 



These obscrvatitfAs jrere made before noon. 
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ADDENDUM A-^Jontinued. 



SUN . 


i 
DECEMBER 14. 




On Arc w. 


Off Arc — cji. 


1 n 


1 II 




33 


359 27 50 







50 


Index Corr. 


10 

• 


50 


— 26.6 




E 

Index Corr., &c. 


+ 7.5 




— 19. I 




2 Altitude. 


Chronometer. 


1 II 


h. m. s. 




47 10 


8 50 43.5 




20 


51 32.0 




30 


52 22.5 1 




46 40 


53 38.5 




50 


54 29.0 ' 


Means 

Index Corr., &c. 


47 


55 19.5 


47 5 0.0 
— 19.1 


8 53 0.8 




47 4 40.9 




Refraction 


— 2 10.5 




Parallax 


+ 8.3 


1 II 




Polar Distance of Object . . 


. 113 13 36.2 




h. m. s. 


Local Apparent Time . 


. 10 55.9 


Equation of Time 


• • • • 


— 5 II. 2 



SUN 



DECEMBER 14. 



On Arc=w. 



Local Mean Time 9 5S 44-7 

Time by Chronometer . . , . 8 53 0.8 



Chronometer slow of Local M. T. . i 243.9 



These observations were made before noon. 



I II 

33 15 
o 

15 



Index Corr. 
E 



+ 



o 26.6 
7-9 



Index Corr., &c. '— 



o 18.7 



I. 



2 Altitude. 



49 o o 

10 o 

20 o 

48 30 o 

40 o 

50 o 



Means 

Index Corr., &c. 

12 

Refraction 

Parallax 



48 55 0.0 
18.7 



48 54 41.3 
— 2 5.1 

-h 8.2 



Polar Distance of Object 

Local Apparent Time . 
Equation of Time 

Local Mean Time 
Time by Chronometer . 



Off Arc =w'- 



359 27 40 
40 

50 



Chronometer. 



h. m. s. 

9 o 7.5 

I 0.5 

I 55.5 

3 13.0 

4 10. o 

5 3.5 



9 2 35.0 



Ther. 63 . 5 

in. 
Bar. 30.28 

O / II 

113 13 37-6 

h. m. s. 
10 10 30.6 

— 5 II. o 



10 5 19.6 
9 2 35.0 



Chronometer slow of Local M. T. . i 244.6 



These observations were made before noon. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM A— Continued. 



SUN . 


DECEMBER 14. 


; 1 

SUN . . . DECEMBER 14. 


. 


On Arc=w. 


Off Arc=u'. 


i 

1 

Index Corr. 
E 

Index Corr., &c. 


On Arc «. 


Off Arc = cji. 


1 n 
32 40 

45 


/ // 

359 28 10 






32 40 
30 
40 


1 n 

359 28 
27 50 
27 55 


Index Corr. 
E 


— 24.1 

4- 3-8 




- 15.8 
+ 3.5 




Index Corr.. &c. 


— 20.3 


— 12.3 




2 Altitude. 


Chronometer. 


• 

: Means 
Index Corr., &c, 

! 12 
Refraction 
Parallax 


2 Altitude. 


Chronometer. 

1 


1 
1 

Means 


f II 

26 50 
40 
30 

27 10 


26 50 

26 50 0.0 


h. m. s. 
2 II 21.5 

11 56.5 

12 31.0 

13 57.0 

14 315 

15 5.5 


1 II 

25 20 

10 



25 50 

40 • 

30 


h. m. s. 
2 16 32.0 

17 7.0 

17 41.0 

18 31.0 

19 5.5 
19 39-5 


1 

2 13 13.8 


25 25 0.0 
— 12.3 


1 
2 18 6.0 


t Index Corr., &c. — 20.3 

i 


/ II 
. 113 14 23.2 

h. m. s. 
3 21 2.8 

. - 5 4.8 , 




Refraction 
Parallax 


26 49 39-7 
- 3 55.5 
-h 8.8 


25 24 47.7 
- 4 8.7 
4- 8.8 


Polar Distance of Object . . 

Local Apparent Time 
Equation of Time 

Local Mean Time .... 
Time by Chronometer . 

Chronometer slow of Local M. T. 


Polar Distance of 

Local Apparent Ti 
Equation of Time 


Object . . 
me 


tt 1 II 
. 113 14 23.9 

h. m. s. 
. 3 25 55.0 

— S 4.7 




• J *T • / 


. 3 15 58.0 
2 13 13.8 


Local Mean Time 

Time by Chronometer . . . 

Chronometer slow of Local M. T. 


3 20 50.3 
2 18 6.0 


I 2 44.2 


1 

. I 2 44.3 ' 


These observatioi 


IS were made al 


'ter noon. 


These observatior 


IS were made af 


ter noon. 
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ADDENDUM A— Continued. 



1 
SUN . . . DECEMBER 14. 


SUN . . . DECEMBER 15. 




On Arc w. 


Off Arc — wi. 




On Arc=w. 


Off Arc = a>». 




t n 


$ f9 


t II 


i ft 




32 40 


339 28 




33 


359 28 15 




40 







10 


10 


Ind^x Corr. 


50 





• 

Index Corr. 


20 


10 


— 21.6 




— 40.8 




E 


H- 3.2 




E 

Index Corn, &c. 


-H 5.2 




Index Corr., &c. 


— 18.4 


- 35.6 




2 Altitude. 


Chronometer. 




2 Altitude. 


Chronometer. 


Q 1 n 


h. m. s. 


* // 


h. m. s. 




23 30 


2 22 49.0 




35 10 


8 i.o 




20 


23 22.5 




20 


39.5 




10 


23 55-5 




30 


I 17.5 




24 


24 44.0 




34 40 


2 15.0 




23 50 


25 18.0 




50 


2 53.0 


Means 


40 


25 '52.0 


Means 

Index Corr., &c. 


35 


3 32.5 


23 35 0.0 


2 24 20.2 


35 5 0.0 
- 35.6 


8 I 46.4 


Index Corn, &c. 


- 18.4 



Then 61.0 




Q 


23 34 41-6 


35 4 24.4 


Refraction 


4 27.8 


in. 


Refraction 


— 3 0.0 




Parallax 


+ 8.8 


Ban 30.23 


Parallax 


-h 8.6 


1 II 




f n 




Polar Distance of Object . . . 113 1424.7 


Polar Distance of Object . . 


. 113 16 50.2 


h. m. s. 




h. m. s. 


Local Apparent Time . . . . 3 32 8.2 


Local Apparent Time 


9 9 13.6 


Equation of Time .... 


. - 5 4.6 


Equation of Time .... 
Local Mean Time .... 


. - 4 43.4 


Local Mean Time .... 


3 27 3.6 


9 4 30.2 


Time by Chronometer . 


2 24 20.2 


Time by Chronometer . . . 
Chronometer slow of Local M. T. 


8 I 46.4 


Chronometer slow of Local M. T. 


I 2 43.4 


I 2 43.8 


These observations were made after noon. 


These observations were made be 


jfore noon. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1870. 



ADDENDUM A— Continued. 



SLN 



DECEMBER 15. 



SUN 



DECEMBER 15. 



Index Corn 
E 

Index Corr., &c. 



On Arc=w. , Off Arc=w^ 



II 



32 50 359 28 o 

33 o . o 
32 50 I o 



On Arc — w. 


Off Arc = <->. 


1 

1 >i 


1 11 


33 10 


359 28 








10 






o 26.6 

5.5 



O 21. 1 



Index Corr. 
E 

Index Corr., &c. 



o 33.4 

5.8 



o 27.6 



2 Altitude. , Chronometer. 



2 Altitude. Chronometer. 



Means 

Index Corr., &c. 

Q 

Refraction 

Parallax 




h. m. 

8 7 



s. 
5.5 

7 47.0 

8 26.0 

9 25.5 

ID 5.0 

10 45.5 



38 30 O 

40 O 

50 O 

38 O O 

10 o 

20 o 



8 8 55.8 



Means 

Index Corr., &c. 



I 38 25 0.0 
— 27.6 



h. m. s. 
8 13 6.0 

13 46.5 

14 27.5 

15 27.5 

16 9.5 
16 50.0 

8 14 57.8 



36 54 38.9 
2 50.7 

8.6 



a 


38 24 32.4 


Refraction 


- 2 43.7 


Parallax 


-f 8.5 



Polar Distance of Object . . . 113 16 51.1 . Polar Distance of Object 



Local Apparent Time 
Equation of Time. 



Local Mean Time 



Time by Chronometer 



h. m. s. 

9 16 24.1 Local Apparent Time 

— 4 43.2 Equation of Time. 



9 II 40.9 Local Mean Time . 
8 8 55.8 Time by Chronometer 



Chronometer slow of Local M. T. . i 2 45 . i ■ Chronometer slow of Local M. T. 



Ther 


. 60. 

1 
1 




in. 


Bar. 


30.27 





1 


113 


16 52.0 


h. 


m. s. 


9 


22 25.5 


— 


4 43- I ' 


9 


17 42.4 


• 8 


14 57.8 i 



I 2 44.6 



These observations were made before noon. 



These observations were made before noon. 



-ir-^ 
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ADDENDUM A— Continued. 



SUN 



DECEMBER 15. 



On Arc=(J. 



Index Corr. 
E 



II 



33 30 
30 
30 



-h 



o 48.4 
5.4 



OffArc=w». 



I II 



359 28 10 

10 

o 



Index Corr., &c. 1— 



o 43.0 



2 Altitude. I Chronometer. 



Means 

Index Corr., &c. 

a 

Refraction 
I Parallax 



/ 


n 


36 





35 50 





40 





36 30 





20 





10 






h. m. s. 

I 37 40.0 

38 20.5 

38 59.0 

39 57.0 

40 36.0 

4t 15.5 



36 5 



0.0 
43.0 



I 39 28.0 



36 4 17.0 
- 2 53.6 

-h 8.6 



II 



Polar Distance of Object 

Local Apparent Time 
Equation of Time 



• • 



Local Mean Time 
Time by Chronometer 



Chronometer slow of Local M. T. 



113 17 33.5 

h. m. s. 
2 46 49.3 

— 4 36.6 



2 42 12.7 
I 39 28.0 



I 2 44.7 



These observations were made after noon. 



SUN 



DECEMBER 15. 



Index Corr. 
E 



On Arc=w. 



II 



33 20 
15 
15 



+ 



o 40.8 
5.2 



Index Corr., &c. |— 



o 35.6 



OffArc=w'. 

o / n 

359 28 10 

5 
o 



2 Altitude. 



Chronometer. 



Means. 

Index Corr., &c. 

Q 

Refraction 

Parallax 



34 5© 
40 

30 

35 20 
10 

o 



II 
o 
o 
o 
o 
o 
o 



h. m. s. 
I 42 14.0 

42 53.0 

43 32.0 

44 29.0 

45 6.0 
45 45.0 



34 55 0.0 
35.6 



I 43 59-8 



34 54 24.4 
- 2 59.6 

+ 8.6 



Polar Distance of Object 

Local Apparent Time 
Equation of Time 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



"3 17 34.1 

h. m. s. 
2 51 20.1 

- 4 36.5 



2 46 43.6 
I 43 59-8 

I 2 43.8 



These observations were made after noon. 



OUSERVATIONS OF THE ECLIPSE OF DECEMBER is, 1B70. 



ADDENDUM A— Continued. 



illl 



SUN . DECEMBER 15. 


SUN . . DECEMBER 16. 


Index Corr. 
E 

Index Corr., &c. 


anArc = t-. 


OffArc = cj>. 


Index Corr. 
E 

Index Corr., &c. 


On Arc=". 


Off Arc =u'. 


33 so 
ao 


359 aS 10 


33 ao 
IS 


359 28 10 


40.8 
+ 4.9 




- °«-^ 




- 35. q 


- 40. I 


Means 

Index Corr, &c. 

Q 

Refraction 

Parallax 


a Altitude. 


Chronometer. 


Means 

Index Corr., &c. 

a 

Refraction 

Parallax 


3 Altitude. 


Chronometer. 


33 

3a so 

40 

33 30 


h. m. s. 
I 49 13-5 

49 51-0 

50 ag.o 

51 aj.o 
5a a.o 

52 38.5 


aq 

as 30 
40 
SO 


7 38 8.5 
33 43-5 

39 19-0 

40 12.0 
4047-5 

41 230 


33 5 o.o 
- 35.9 


I so 56.3 


- " " ,°'° 


7 39 45.6 


Thcr. 63. 

in. 
Bar. 30. as 


"3 19 41-7 

h. m. s. 
8 46 44-1 

- 4 14-7 

8 42 ag.4 
" 7 39 45O 


33 4 S4-I 

3 9.9 

+ 8.6 


aS 54 19-9 

3 36.8 

+ 8.7 


Polar Distance of Objeci . . 

Local Apparent Time . . . 
Equation of Time .... 


113 17 34.9 
h. m. s. 
a 56 16.8 

- 4 36-3 


Polar Distance of Objeci . . 

Local Apparent Time . , , 
Equation of Time 

Local Mean Time .... 

Time by Chronometer . . . 

Chronomelot slow of Local M. T. 


Local Mean Time .... 


a 53 40,5 
I 50 56.3 


Chtonomeier slow of Local M.T. 


I 2 44.2 


1 a 43-8 


T/esc obscrvatio 


s were made af 


"""^ 


These obscrvatlor 


s were maBc before noon. 
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ADDENDUM A— Continued. 



1 

SUN . . . DECEMBER i6. ! 


' SUN . . . DECEMBER 16. 




On Arc_6>. 


Off Arc w. : 




On Arc w. 


Off Arc — w». 


1 n 


/ ti 


1 II 


/ 1/ 




33 


359 27 40 


' 


32 50 


359 27 45 







40 




55 


28 


Index Corr. 


10 


• 40 


Index Corr. 


50 


27 50 


— 21.6 




— 21.7 




E 

Index Corr., &c. 


+ 4-3 
17.3 




1 E 

' Index Corr., &c. 


+ 4.6 




— 17. 1 




2 Altitude. 


Chronometer. 


1 

1 
1 


2 Altitude. 

' n 


Chronometer. 


1 II 


h. m. s. 


h. m. s. 




30 10 


7 42 17-5 


1 

1 


32 


7 48 54.5 




20 


42 53.0 


1 


10 


49 33-0 




30 


43 29.5 




20 


50 9-5 




29 40 


44 23.0 


1 


31 30 


51 5.5 




50 


44 59-0 


1 


40 


51 41.5 


Means 

Index Corr., &c. 

12 


30 


45 34.5 


1 

Means 

Index Corr., &c. 

1' " 


50 

31 55 0.0 
- 17. 1 

31 54 42.9 


52 18.5 


30 5 o-o 
- 17.3 


7 43 56.1 


7 50 37.1 




1 
1 


30 4 42.7 



Ther. 61. 


Refraction 


— 3 30.2 




1 Refraction 


- 3 17.9 


in. 


Parallax 


-f ' 8.7 




' Parallax 

• 


-h 8.7 


Bar. 30.25 ; 




f If 




/ /f 1 

1 


Polar Distance of Object . ... 113 ig 42.1 


; Polar Distance of Object . . . 113 19 42.9 

1 ' 


h. m. s. 


1 * h. m. s. 


Local Apparent Time . . . . 8 50 56.0 


Local Apparent Time .... 8 57 36.9 | 


Equation of Time .... 


. — 4 14.6 


Equation of Time .... 

1 

1 Local Mean Time .... 


. - 4 14.5 


Local Mean Time .... 


8 46 41.4 


8 53 22.4 


Time by Chronometer 


. 7 43 56.1 


Time by Chronometer 

1 

Chronometer slow of Local M. T. 

1 


• 7 50 37.1 


Chronometer slow of Local M. T. 


I 2 45 3 


I 2 45.3 ' 


These observations were made before noon. 


These observations were made before noon. 

1 

1 

1 



13— E 



98 



OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM A— Continued. 



SUN 



DECEMBER 16. 



SUN 



DECEMBER 16. 



On Arc --(>>. OIF Arc:=w'. 



Index Corr. 
E 



O I 'I 





33 




359 27 40 




32 55 




40 




33 




40 


— 


i(j. 


2 




■f- 


4. 


6 





Index Corr, 1^:0. '— 014.6 



I 



• 






2 Altitude. 








« 1 
31 40 











30 











20 











32 10 























31 5« 





Means 






31 45 


0.0 


Index (^orr. 


, S:c. 


■"" 




14.6 


12 






31 44 


45.4 


Refraction 




— 


3 


16.3 


Parallax 




f- 




8.6 



Chronometer. 



h. m. s. 
I 54 23.5 
55 0.0 

55 37.0 

5^> 31-0 

57 7-5 

57 4^>-5 

I 56 4.2 



Polar Distance of Object 

Local Apparent Time 
E<iuali<>n of Time 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



113 20 22.6 

h. m. s. 
3 2 55.4 

- 4 7.0 





On Arc 


= (.». 


Off Arc = (.)!. 






/ 


II 


; !• 






32 


55 
50 

55 


359 27 50 
50 

45 


Index Corr. 


— 





20.8 




E 


+ 




4.4 
T6.4 




Index Corr., Sec. 


— 









2 Altiti 


jde. 


Chronometer. 







r 


h. m. s. 




30 


30 





I 58 40.0 






20 





59 17-5 






ID 





59 54.0 




31 








2 47.0 




30 


50 





I 23.5 






40 





I 58.0 


Means 


30 


35 


0.0 
16.4 


2 20.0 


Index Corr., Sec. 




12 


30 


34 


43 . (> 




Refraction 


— 


3 


23.9 




Parallax 


+ 




8.7 





Polar Distance of Object 

Local Apparent Time 
Equation of Time . 



Local Mean Time 



2 58 48.4 

I 56 4.2 ; Time by Chronometer 



I 2 44.2 



113 20 23.0 

h. m. s. 
3 7 "2 

- 4 6.9 



3 3 4.3 
2 o 20.0 



Chronometer slow of Local M. T. 



I 2 44.3 



i These observations were made after noon. 



These observations were made after noon. 
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SUN 



Index Corr. 
E 



Means 

Index Corr., &c. 

12 

Refraction 

Parallax 



ADDENDUM A— Continued 



DECEMBER i6. 



SUN 



On Arc = w. 



40 



+ 



o 12.5 

4.1 



Index Corr., iS:c. — 



o 8.4 



Off Arc = w'. 



O I 1 1 

359 27 40 

35 
40 



Index Corr. 
E 

1, Index Corr., Si.c. 



2 Altitude. 


» 


'/ 


28 30 





20 





10 





29 





28 50 





40 






Chronometer. 



h. m. s. \\ 

2 5 52.0 ji 

6 27.5 

7 2.5 

7 55.0 

8 31.0 

9 6.0 



28 35 0.0 

8.4 



2 7 29.0 



28 34 51.6 
3 38.3 



Ther. 67. 



-h 



in. 
8.7 Bar. 30.18 



Means 

I Index Corr., &c. 

I 

1" 

. Refraction 
Parallax 



DECEMBER 19. 



On Arc-:=w. 



32 40 
30 
50 



4- 



o 5.8 
4.1 



o 1.7 



2 Altitude. 



OffArc^w'. 



O t II 

359 27 35 
35 
25 



29 10 O 

20 o 

30 o 

28 40 o 
50 o 

29 o o 

29 5 0.0 

1.7 



Chronometer. 

h. m. s. 
7 40 44.5 
41 20.5 

41 56-0 

42 49.0 

43 25.5 

44 i.o 



7 42 22.8 



29 4 58.3 I 
— 3 40-6 

-h 8.7 



o ' 



Polar Distance of Object ... 113 20 23.9 'l. Polar Distance of Object 



Local Apparent Time 
Equation of Time 



• • 



h. m. s. I 

3 14 21.0 I Local Apparcm Time 



— 4 6.8 I Equation of Time 



Local Mean Time 3 10 14.2 I Local Mean Time . . 

Time by Chronometer .... 2 7 29.0 |' Time by Chronometer . 



113 25 36.8 

h. m. s. 

- 8 47 54.8 

- 2 45.9 

8 45 8.9 
7 42 22.8 



Chronometer slow of Local M. T. . i 2 45 • 2 Chronometer slow of Local M. T. . i 2 46. i 



These observations were made after noon. 



These observations were made before noon. 
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OHSKRVATIONS OF THE ECLIPSE OF DECEMHER 22, 1S70. 



ADDENDUM A— Coiuinucd. 



SUN 



DECEMBER 19. 



SUN 



DECEMBER 19. 



Index Corr. 
E 



On Arc -<•'. 

i 33 o 

o 

I 

10 

— o 2^.0 



Ofl' Arc =(.'». 



_ I 



359 27 50 
45 
45 



-f- 



4.3 



Index Corr., cV'c. — o 20.7 1 



Index Corr. 
E 

Inilex CoTY., iVc. 



2 Altilmle. ,' Chr<>ni)inelcr. 



j Means 

j Index Corr., &€. 

I 

I il 

Refraction 
j Parallax 



' + 



30 20 o 

30 o 

40 o 

30 o o 

10 o 

20 o 

30 20 0.0 
20.7 

30 19 39-3 
3 31.4 

8.7 



h. m. s. 
7 44 54.5 i 
45 29.5 i 

4^> 5.5 j 

47 38.0 I 

48 T3-5 
48 49.5 

7 46 51.R Means 

Index (?orr., i^c. 

I, ^ 

ii Refraction 

•. Parallax 



On Arc 


— U. 


Off Arc:=(./i. 






• 1 


1 


•1 


» /, ' 


33 





359 27 45 







30 1 







. .. '" i 


— 


19.2 


i 


"h 


4.7 


1 


— 


14.5 




2 Altitude. 


Criironomeler. 


1 


■' 


h. m. s. , 


32 30 





7 52 49.5 


40 





53 24.0 


50 





54 50 ! 


32 





54 59-5 


10 





55 37.0 


20 



0.0 


56 12.5 


32 25 


1 
7 54 31.2 


— 


14.5 


■J 1 


32 24 


45.5 


Ther. 53. 


- 3 


17.^) 

8.6 


in. ! 
Bar. 30.20 1 






t 



/ ; ' 



Polar Distance of Object 

j Local Apparent Time 
j Equation of Time. ." . 



• • 



• • 



113 25 37.1 ! Polar Distance of Object 



C I II 



"3 25 37.4 



Local Mean Time 



Time bv Chronometer 



li. m. s. h. m. s. 

8 52 23.4 I, Local Ap[)arent Time .... 9 o 3.1 

— 2 45.S ' Ecjuation of Time — 2 45.6 

8 49 37-6 Local Mean Time 8 57 17.5 

'1 

7 46 51. S Time by Clironometer . . . . 7 54 31.2 



Chronometer slow of Local M.T. . i 2 45. 8 Chronometer slow of Local M. T. . i 2 46.3 



These observations were made before noon. ' These observations were made before noon. 
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ADDENDUM A— Continued. 



SUN . . . DECEMBER 19. 

• 


SUN . . . DECEMBER 19. 


1 

• 

, Index Corr. 
E 


On Arc — w. 


OfFArcrzw'. 


Index Corr. 
E 

Index Corr., &c. 

1 

1 
Means 

1 Index Corr., eS:c. 

it 
; Refraction 
Parallax 


On Arc — w. 


Off Arc = w». 


33 15 





1 II 

359 27 50 
28 

27 45 


/ II 

32 40 

33 


— 18.3 
4- 4-4 


/ II 
359 27 45 
45 
40 

Chronometer. 


— 28.4 
-h 4.6 


1 


i Index Corr., &c. 

i 


— 23.8 


Chronometer. , 


- 13.9 
2 Altitude. 


1 

1 
1 


2 Altitude. 


1 

i 


/ / >i 

31 20 

10 



31 50 
40 

30 


h. m. s. 
I 56 33.0 

57 14-5 

57 46.0 

58 41.0 

59 18.5 1 
59 54.5 ■. 


/ // 

30 10 



29 50 

30 40 
30 
20 

30 15 0.0 
13.9 


h. m. s. 
2 49-5 

1 27.0 

2 3.5 

2 56.0 

3 32.0 

4 90 


Means 


31 25 0.0 I 58 14.6 


2 2 29.5 


, Index Corr., &c. 

1 


- 23.8 


1 


# // 

"3 25 55.9 

h. m. s. 
3 7 52.0 

— ■ 2 38.0 


12 

1 • 
Refraction 

Parallax 


31 24 36.2 
— 3 20. 8 
4- 8.6 


1 

I 


30 14 46.1 
— 3 28.6 

4- 8.7 


Polar Distance of Object . 

- 
Local Apparent Time .... 

Equation of Time 


C- / II 

113 25 55.7 

h. m. s. 
3 3 37.1 i 

- 2 38.1 

1 


Polar Distance of Object . 

Local Apparent Time .... 
Equation of Time . . . 

Local Mean Time 

Time by Chronometer .... 

Chronometer slow of Local M. T. . 


Local Mean Time 3 59-o 

Time by Chronometer .... i 58 14.6 

1 


3 5 14-0 
2 2 29.5 


1 
Chronometer slow of Local M. T. . 


I 2-44.4 


I 2 44.5 


These observatior 


IS were made af 


tcr noon. 


These observations were made after noon. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1S70. 



ADDENDUM A— Continued, 



SUN 



DECEMBER 19. 



SUN 



DECEMBER 21. 



On Arc = 10. OtV Arc=: (.''. 

33 15 359 27 45 

10 I 50 

o ' 40 



33 o 
o 
o 



Index Corr. 
E 

Index Corr., «S:c. 



— o 26.6 
+ 4-0 

— o 22.6 

2 Altitude. Chronometer. 



Index Corr. 
. E 



-f 



o 18.4 
3.7 



Index Corr., &c. !— o 14.7 



.)fl Arc==w'. 

> It 

359 27 40 
30 
40 





2 Altitude. Chronometer. ; 



.1 / II 



2S 20 

10 

o 

2vS 50 
40 



o 
o 
o 
o 
o 



Means 

Index Corr.,cS:c. 

12 

Refraction 

Parallax 



+ 



30 o 

28 25 0.0 
22.6 

2S 24 37.4 

3 42.2 

8.7 . 



h. m. s. 
2 7 27.0 

S 2.0 

8 38.0 

9 30.0 
10 6.0 
10 41-5 

2 9 4.1 



Tlier. 60. 



Bar. 



in. 
30.12 



Means 

Index Corr., &c. 

12 

Refraction 

Parallax 



:• t II 

26 30 o 

40 o 

50 o 

26 o o 

10 o 

20 o 



I 



26 25 0.0 

14.7 



h. m. s. 
7 32 34.0 
33 7.5 

33 41.5 

34 34.5 

35 9-5 
35 43-5 

7 34 8.4 



+ 



26 24 45.3 ' 

3 55.1 j 
8.8 I 



Polar Distance of Object . . . 113 25 56.2 Polar Distance of Object 



Local Apparent Time . 
Equation of Time . . . . 



Local Mean Time 



Time bv Chronometer . 



h. m. s. 

3 14 26.7 Local Apparent Time . 

— 2 37.9 Equation of Time . 



113 27 12.4 

h. m. s. 
8 3S 39-9 

— I 46.1 



3 II 48. 8 Local Mean Time 8 36 53.8 

2 9 4.1 Time by Chronometer . . . . 7 34 8.4 



Chronometer slow of Local M.T. . i 244.7 Chronometer slow of Local M.T. . i 245.4 



These observations were made after noon. 



: These observations were made before noon. 
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ADDENDUM A— Continued. 



SUN 



DECEMBER 21. 



On Arc = w. 



Index Corr. 
E 

Index Corr., &c. 



32 30 
40 
40 



-f- 



o 5.0 
3.9 



O I.I 



OffArc = 6)». 



o / // 

359 27 SO 
40 

30 



2 Altitude. 



27 40 o 
50 o 

28 o o 
27 10 o 

20 o 

30 o 



Means 

Index Corr., &c. 

Q 

Refraction 
Parallax 



27 35 0.0 
I.I 



4- 



27 34 58.9 
3 45-2 

8.7 



Chronometer. 



h. m. s. 
7 36 37-0 

37 II. o 

37 46.5 

38 39-0 

39 13.5 
39 49-5 



7 38 12.7 



Polar Distance of Object 

Local Apparent Time 
Equation of Time 

Local Mean Time 
Time by Chronometer 



Chronometer slow of Local M. T. 



o / // 

113 27 12.4 

h. m. s. 

8 42 45.4 

— I 46.0 

8 40 59.4 

7 38 12.7 

I 2 46.7 



These observations were made before noon. 



SUN 



DECEMBER 21. 



On Arc = w. 



Index Corr. 
E 

Index Corr., &c. 



Means 

Index Corr., &c. 

Refraction 
Parallax 



/ n 
32 40 
50 
40 



-f 



o 7.5 

4.2 



o 3-3 



2 Altitude. 



29 30 o 
40 o 
50 o 

29 GO 

10 o 
20 o 



29 25 0.0 
3.3 



29 24 56.7 
3 3T-0 

+ 8.7 



Polar Distance ofObject 

Local Apparent Time 
Equation of Time 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



OffArc=wi. 



o / // 

359 27 30 
25 
40 



Chronometer. 



h. m. s. 
7 43 4.0 

43 39-5 

44 15.5 

45 II. o 

45 47.0 

46 22.0 

7 44 43-2 



Ther. 64. 
in. 
Bar. 29.86 



II 



113 27 12.5 

h. m. s. 
8 49 16. I 

- I 45.9 



8 47 30.2 



7 44 43-2 



I 2 47.0 



These observations were made before noon. 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM A— Continued. 



SUN . . . DECE 


MBER 21. ' 

Off Arc — w'. 

1 


SUN . . . DECEMBER 21. 


Index Corr. 
E 

Index Corr., &c. 

Means 

Index Corr, &c. 

ii 

Refraction 

Parallax 


On Arc — w. 


1 
1 

1 

Index Corr. 
E 

Index Corr., &c. 

; Means 
Index Corr., &c. 

n 

Refraction 
Parallax 


On Arc o). 


Off Arc— w'. 


33 

10 




f II 

359 27 40 
30 
40 


1 II 


f It 


— 20.0 
-h 4-6 

- 15.4 


1 
1 

1 

! 

Chronometer. 


— 24.6 
+ 4.4 




— 20.2 

2 Altitude. 

■•> 1 '• 
30 II 

29 58 10 
50 20 

30 44 20 
36 10 
25 50 

30 17 38.3 

— 20.2 




2 Altitude. 


Chronometer. 


III 

31 20 

10 



31 50 

40 

30 

31 25 0.0 
- 15.4 


h. m. s. 

1 57 24.5 ' 
58 1.0 

58 38.0 

59 33-0 

2 9.0 
46.0 


h. m s. 

2 I 38.5 
2 25.0 

2 53.0 

3 33-0 

4 3.0 
4 39-5 


I 59 5.2 


2 3 12.0 


1 II 
. 113 27 16.6 

h. m. s. 
3 3 28.2 

. - I 38.1 




31 24 44.6 
-- 3 r6. 1 

-h 8.6 


30 17 18. I 
- 3 23.6 
+ 8.7 




Polar Distance of Object 

Local Apparent Time 
Equation of Time .... 

Local Mean Time .... 
Time by Chronometer . 

Chronometer slow of Local M. T. 


Polar Distance of Object 

Local Apparent Time . 
Equation of Time 

Local Mean Time .... 
Time by Chronometer . 

Chronometer slow of Local M. T. 


r> 1 II 
. 113 27 16.6 

h. m. s. 
3 7 34.5 

— I 38.0 


3 I 50.1 
I 59 5.2 

1 


3 5 5<^.5 
2 3 12.0 


I 2 44.9 


I 2 44.5 


These obscrvatioi 


IS were made af 


ter noon. 


These observatioi 

1 


IS were made af 


ter noon. 
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ADDENDUM A— Continued. 



t 

SUN . . . DECEMBER 21. 


SUN . . . DECEMBER 22. 


1 


On Arc o>. 


Off Arc — w'. ! 

. /' 


j 
1 

1 On Arc — w. 


OfrArc = a>'-. ' 


1 n 


! . ,. 


/ // 


i 


33 25 


359 27 30 . 


33 15 


359 27 40 




25 


40 





35 


Index Corr. 


20 


35 : 





30 


— 29.2 


Index Corr. '— 20.0 




E • 
Inde.x Corr., &c. 


+ 4.1 
— 25.1 


t 

1 

Chronometer. 

h. m. s. 
2 5 38.0 


j E 1+ 3.7 




Index Corr., &c. — 16.3 




• 


2 Altitude. 


2 Altitude. 

c / // 

26 40 


• 
Chronometer. 


/ n 

29 4 30 


h. m. s. 
7 33 38.0 




28 52 40 


6 24.5 


1 50 


34 12.5 




33 50 


7 28.5 


j 27 34 48.0 




29 26 20 


8 13.5 ' 


1 26 10 35 39.5 


3 10 


9 3^.5 


20 ' 36 14.0 




28 54 20 


10 6.5 j 


30 1 36 49.5 

1 


Means 


23 59 8.3 
- 25.1 


2 7 54. ^> 


Means ' 26 35 0.0 
Index Corr., &c. — 16.3 


7 35 13.6 


Index Corr., &c. 


>5 i 
ThcT. 64.6 

: 
1 n 




a 

Refraction 


28 58 43.2 
- 3 32.8 


" 26 34 43.7 
Refraction 1— 3 54.8 


1 


Parallax -f 8.7 

1 


111. 

Bar. 29.70 1 


Parallax -h 8.8 , 

1 1 1 

1 


Polar Distance of Object 


/ // 

. 113 27 16.7 ! 

1 


/ n 

Polar Distance of Object . . . 113 27 18.0 


Local Apparent Time . 


h. m. s. 1 
3 12 17.2 ' 


h. m. 's. 
Local Apparent Time . . . . 8 39 15.2 


Equation of Time .... 
Local Mean Time .... 


. - I 37.9 ' 
3 10 39.3 


Equation of Time .... 
Local Mean Time .... 


— I .16.0 

• 


8 37 59.2 


Time by Chronometer . 
Chronometer slow of Local M. T. 


2 7 54.6 


Time by Chronometer . 
Chronometer slow of Local M. T. 


7 35 13.6 


I 2 44.7 


I 2 45.6 


These observations were made af 


1 

ter noon. 


1 

These observations were made before noon. 
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OBSERVATIONS OF- THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM A— Continued. 



SUN 



DECEMBER 22. 



SUN 



DECEMBER 22. 





On Arc=w. 


Off Arc:^w». 




t It 


/ // 




32 50 


359 27 45 ^ 




33 15 


45 


t 


ID 


28 


Index Corr. 


- 027.5 




1 E 


+ 3.9 




Index Corr., &c. 


— 23.6 






2 Altitude. 


Chronometer. 


1 II 


h. m. s. 




27 50 


7 37 41.5 




28 


38 17.0 




10 


38 51.0 




27 20 


39 45.0 




30 


40 20.0 


Means 

Index Corr., &c. 

Q 


40 


40 56.0 


27 45 0.0 
— 23.6 


7 39 18.4 




27 44 36.4 




Refraction 


- 3 44.9 


• 


Parallax 


H- 8.7 





I Index Corr. 

i 

E 



Index Corr., &c. 



Polar Distance of Object 

Local Apparent Time 
Equation of Time. 



Local Mean Time 



Time by Chronometer 



Chronometer slow of Local M. T. 



113 27 17.9 

h. m. s. 
8 43 19.6 

- I 15.9 



Means 

Index Corr., &c. 

Q 

Refraction 
Parallax 



On Arc=:w. Off Arc = w*. 



n 



32 50 

33 15 
10 



— 





22. 


5 


+ 




4. 


2 


— 





18. 


3 


2 


Altitude 


• 



29 40 o 
50 o 

30 o o 
29 10 o 

20 o 

30 o 



29 35 0.0 
18.3 



29 34 41.7 
- 3 30.9 

-h 8.7 



8 42 3.7 



Polar Distance of Object 

Local Apparent Time 
Equation of Time. 



01 It 

359 27 40 
40 
40 



Chronometer. 

h. m. s. 
7 44 I3-0 

44 48.5 

45 23.5 

46 18.0 

46 54.0 

47 300 



7 45 51.2 



Thcr. 54.0 



in. 



Bar. 29.42 j 



. 113 27 17.9 

h. m. s. 
. 8 49 51.5 

. - I 15.8 



Local Mean Time 8 48 35.7 



7 39 18.4 Time by Chronometer 



7 45 51.2 



I 2 45.3 I Chronometer slow of Local M.T. . i 2 44.5 



These observations were made before noon. 



These observations were made before noon. 
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ADDENDUM B. 

Observations for Latitude ^ made on the Stone Gun-Platform at Syracuse^ Sicily, by Professor William Harkness, 
U. S. N.J with the Sextant Stackpole &* Brother No. 937, Mercurial Artificial Horizon Ha. i, and Chro- 
nometer T. S. b* y. D. Negus No. 11 15. 

[Note. — The barometer employed was a pocket aneroid, i.g inches in diameter, marked L. Casella, London, No. 
1 128. It was compensated for temperature, and, in ordei to reduce its observed readings to the corresponding readings 
of a mercurial barometer at 32° F., it is only necessary to subtract from them 0.12 of an inch.] 



SUN . 


DECEMBER 13, 1870. 


POLARIS . 


DECEMBER 14, 1870. 




On Arc w. ; 

1 


Off Arc=cji. 




Coincidence 
of Images. 


, 


1 n 


t n 


1 II 




32 40 


359 28 




55 






45 


27 50 




45 






33 5 


28 




50 




Index Corr. 


5 


28 10 


Index Corr. 






— 26.9 




— 50.0 


E 

Index Corr., &c. 


4- 10. 


Chronometer. 


E 

Index Corr., &c. 


-h 14.0 


• 


— 16.9 


— 36.0 


, 


2 Altitude. 




2 Altitude. 


Chronometer. 


/ II 


h. m. s. 


1 II 


h. m. s. 




59 48 50 


II 9 57.0 




76 37 50 


8 27 19.0 




45 50 


II 20.5 




34 30 


29 27.0 




44 40 


II 51.0 


• 


35 30 


31 35.0 




58 38 30 


12 34.0 




35 30 


33 13.5 




34 40 


14 8.5 


• 


34 30 


34 19-0 


Means 

Index Corr., &c. 

c 

Refraction 


33 35 


14 33.5 


Means 

Index Corr., &c. 

Q 
Refraction 


34 


35 II. 5 


59 II 0.8 
— 16.9 


II 12 24.1 


76 35 18.3 
— 36.0 


8 31 50.8 



Ther. 66.0 

in. 
Bar. 30.26 



Ther. 59.0 

in. 
Bar. 30.26 


59 10 43-9 


76 34 42.3 


60 24 38.0 
+ I 39.7 


38 17 21.2 
— I 12.8 


Parallax 


7.8 




/ cos / 


— I 12 13.2 




Am^ 


- II 57.1 




2d term 


4- . II. 




Bn, 


-h 0.7 




^ 


4-37 4 6. 




r 


60 14 13.5 
— 23 10 10.8 










'1 
6 




Chronometer slow 


h. m. s. 


4- 37 4 3. 


12 43.7 








/ 


I 55 48.5 




h. m. s. 


6 


88^ 37' 28". 


Time of Culmination .... 


II 54 22.9 






Chronometer slow 


I 2 43.2 


/ 


...... 4952". c 


Chron. Time of Ci 


ilmination . 


10 51 39.7 




» 



io8 



OHSKRVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM B— Continued. 



POLARIS 



DE(^EMnKR 14. 



SUN 



DECEMBER 16. 



('oincidt'ncc 
of Images. 



On Arc = w. Off Arc=^«^^ 



Index Corr. 



-h 



I 

55 

1 o 

o 58. 3 
14.0 



In(iex Corr. 
E 



-h 



Index Corr., eVc. — 



o 44.3 



• Index Corr., «S:c. — 



/ // 


{■ » 


II 


33 


359 27 


50 


10 




50 







50 


26. 6 






10. 






16.6 




• 



2 Altitude. Chronometer. 



h. m. s. 
8 36 1.5 

36 54.0 

37 39 -o 

38 21.0 

39 26.5 

40 19.5 



2 Altitude. Chronometer. 



Means 

Index Corr., &c. 

Refraction 
/ cos / 
2d term 

o 





7(* 


32 


50 






33 


30 






33 


30 






32 


10 






31 


40 






31 


3" 




7<> 


32 


31.7 


— 






44-3 




7(^ 


31 


47-4 




3^ 


15 


53.7 , 


— 




I 


12.8 


— 


I 


II 


5-7 . 


-h 






12. 1 


■■1- 


37 


3 


47. 







• 


f f f 


h. m. s. 






59 47 40 


10 54 47-5 








47 30 


55 38-5 








47 40 


56 1.5 




. 


5S 


42 10 
41 30 


57 0.0 

57 3S.5 




i 

1 


59 


41 20 

14 38.3 


58 16.0 


Means 


10 56 33.7 


Index Corr., «S:c. 


— 




16.6 




il 




59 


14 21.7 ' 




•* 

*> 




60 


22 49.2 




Refraction 


+ 




1 39. 8 




I\irallax 


1 




7.S 




-//// 


— 




22.3 




^1 




• 

f)0 23 59 




f^ 


' — 


23 20 3 





Chronometer slow 

/ 

f\ 

i/ 



h. m. s. 
I 2 43.7 



«.» 



;+ 37 3 56 



2 2 5.6 
88' 37' 2S".o 

4952".o ('hronometer slow 



Time of Culmination 



h. m. s. 
II 55 49.3 

I 2 44.2 



I Chron. Time of Culmination . . 1053 5.1 
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ADDENDUM B— Continued. 



SUN '. 


DECEMBER 16. 


POLARIS . 


DECEMBER 16. 


• 


On Arc w. 


1 
Off Arc— w». j 




Coincidence 
of Images. 




1 II 


f n 


» // 






33 


359 28 10 




20 









27 50 


• 


30 




• 


20 


45 i 


Index Corr. 


25 




Index Corr. 


— 30.8 




— 25.0 




E 


-h 10. 




E 
1 Index Corr., &c. 


-h 14- 1 




Index Corr., &c. 


— 20.8 


- 10.9 




2 Altitude. 


Chronometer. 




2 Altitude. 


Chronometer. 




1 It 


h. m. s. 


1 n 


h. m. s. 




58 41 


10 58 50.0 ' 


1 


76 48 30 


5 27 41.0 


! 40 30 


'59 19-^ ^ 

1 


1 


50 30 


29 42.0 


40 15 


59 52.5 




49 40 


30 50.0 


59 44 30 


II 56.5 




48 45 


31 55.0 


43 50 


I 39-5 


1 


50 10 


32 490 


43 30 
1 Means 59 12 15.8 


2, 8.0 
II 27.6 ' 


Means 

1 


50 10 

7^ 49 37.5 


33 33-5 


5 31 5.1 


Index Corr., &c. 


— 20.8 



Ther. 64.5 

1 
in. 


Index Corr., &c. 

12 

il2 


— 10.9 

76 49 26.6 

• • ^ - 
34 24 43.3 




i2 


59 " 55-0 


c 


60 24 2.5 


Refraction -|- i 39.8 


Bar. 30.21 


Refraction 


— I 12.6 




Paraliax ;— 7.8 


1 

1 


/ cos / 


- I 19 56.5 




Am^ 


- I 32.4 


1 

1 
I 


2d term 


+ 2.9 




''I 


60 24 2 . 
— 23 20 4. 


+ 37 3 37. 




I 








^ 


+ 37 3 58. 




1 Chronometer slow 

i 

/ 


• • • • 


h. m. s. 
I 2 44.3 

57 31.5 






h. m. s. 






Time of Culmination .... 11 55 49.3 

1 

Chronometer slow i 2 44.2 


6 ...... 




88° 37' 28".4 
• 495i".6 


/^ • • • . 












Chron. Time of Ci 


ilmination . 


. 10 53 5.0 



no 



OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



1 

POLARIS . 


• 


I) EC EM I J 




Coincidence ; 


1 

1 


of I 


mages, j 






/ // 








30 








30 








35 ' 


Index Corr. 


— 


31.7 


E 


+ 


14.2 


Index Corr., &c. 





17.5 


— — 


_ 


. _ . 





ADDENDUM p— Continued. 



SUN . 



. Index Corr. 
E 



h 



2 Altitude. ; Chronometer. 



^ f 



76 50 10 
51 o 
51 30 
51 o 
51 40 
51 40 



Means \ 76 51 10. o 

Index Corr., &c. — 

I 

12 



17.5 
76 50 52.5 Ther. 



h. m. s. 
5 35 4''>-o 

36 3().o 

37 35.5 

38 54.0 

39 45-0 

40 53-5 I 

I 
5 38 14.5 Means 

Index Corr., «S:c. 



57.5 



12 



Refraction 
/ cos / 
2d term 



! 33.25 26.2 

!— I 12.6 

.— I 20 32.6 

'-I- 2.2 

■-H 37 3 43- 



Bar. 



m. , C 
30.20 i; Refraction 

Parallax 






! Chronometer slow 
/ 



Star covered by haze, and very faint. 



\\. m. s. j 
I 2 44.3 ! 

o 50 20.9 



DECEMBER 17. 



On A re = 6), 



Off Arc = w^ 



O I II 



-f 



Index Corr., itc. i — 



33 15 
20 



o 40.0 

TO.O 

o 30.0 



359 28 o I 
5 



I "■" 



2 Altitude. Chronometer. 



59 



58 



59 
59 

()0 



4- 



60 
- 23 



42 o 
42 30 
42 40 

3S 5 
38 o 
38 o 

10 12.5 
30.0 

9 42.5 

25 8.8 
I 39.6 

7.8 
12.5 , 

26 28. 
22 25. 



h. m. s. 
10 48 59.0 

50 0.0 

50 40.0 

51 50.0 
53 3.0 
53 47.0 

10 51 23.3 



H- 37 4 3. 



Time of Culmination 
Chronometer slow . 



h. m. s. 
II 56 18.8 



I 2 44.5 



. Chron. Time of Culmination . 



10 53 34.3 
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ADDENDUM B— Continued. 



SUN 



Index Corr. 
E 

1 Index Corr., &c. 



I Means 
Index Corr., &c. 

i Q 

r 
I ^ 

Refraction 
Parallax 

(5 



DECEMBER 17. 



On Arc = ta. 



33 o 
10 



Off arc !:=(.>'. 



O / II 

359 27 40 
40 



— o 22.5 

-h 10. o 



o 12.5 



2 Altitude. \ Chronometer. 



II 



58 38 o 
3S 5 
37 35 

59 42 45 
42 10 

41 3^ 



h. m. s. 
10 54 41.0 

55 18.0 

5^ 5-0 

57 3-0 

57 52.0 

58 45-0 



59 10 0.8 I 10 56 37.3 

- 12.5 

_ -^1 

59 9 48.3 Ther. 65. 

6q 25 5.8 I in. 

-h I 39.6 ' I^ar. 30.16 

7.8 

— 18.7 



60 26 19. 
— 23 22 ^6. 



-H 37 3 53. 



Time of Culmination 
Chronometer slow 



h. m. s. 

. II 56 1S.8 



Chron. Time of Culmination 



I 2 44.5 



10 53 34-3 



SUN 



DECEMBER 18. 



• 


On 


Arc 0. 






1 II 






33 













10 


Index Corr. 


— 


21.6 


E 


-h 


10. 


Index Corr., &c. 




II. 6 







Off Arc = w'. 



O I II 

359 27 45 
40 

35 



2 Altitude. : Chronometer. 



59 39 10 
39 o 
39 10 

58 34 o 

33 35 
33 35 



h. m. s, 
10 53 32.0 

54 7-5 

54 33-5 

55 10.0 

55 40.5 

56 4.0 



Means 

Index Corr., «S:c. 

il 

Refraction 
Parallax 
Am ^ 

o 

9 



59 6 25.0 I 10 54 51.2 
II. 6 * 



I 59 ^ 13.4 

j 60 26 53.3 i 

l-H I 38.5 ' 

7.8 
2.3 I 



60 28 22. 
— 23 24 20. 

|H- 37 4 2. 



Time of Culmination 
Chronometer slow 



h. m. s. 
II 56 48.4 

I 2 44.9 



Chron. Time of Culmination 



Observations taken through clouds. 



10 54 3.5 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22, 1870. 



ADDENDUM B— Continued. 



SUN . . . DECEMBER 18. 


SUN . . . DECEMBER 19. 






■1 
1 


Index Corr. 
E 

Index Coi;r., &c. 

Means 

Index Corr , &c. 

Refraction 
Parallax 

j 6 

1 

! 


On Arc w. 


1 
Off Arc = ui. 


( 

1 

1 


^ 


1 
1 

1 
Chronometer. 


/ II 

33 
10 
20 


1 II 
359 27 50 

45 ' 

45 

1 


1 


— 28.4 
-h 10. 


• 


! 


— 18.4 




j 2 Altitude. 

1 


2 Altitude. 

1 II 
59 33 20 
34 
34 50 
58 30 10 
30 20 
30 45 


Chronometer. 


1 

1 

I 

1 


r ' II 

58 33 30 
33 25 
33 20 

59 38 
37 30 
36 50 


h. m, s. 

10 56 33.0 

57 6.0 

57 29.0 

58 7.0 

59 10. 

11 6.5 

10 58 5.2 

Ther. 70. 

in. 
1 Bar. 30.07 , 


h. m. s. 
10 46 44.0 

47 38.0 

48 340 

49 30.0 

50 13.0 
50 53.0 


Means 59 5 25.8 


59 2 14.2 
— 18.4 

59 I 55.8 


10 48 55.3 


Index Corr., &c. 
12 

Refraction 
Parallax 

1 


— II. 6 




59 5 14-2 




60 27 22.9 

-H I 38.5 

7.8 

— 29.2 


60 29 2.1 

-h I 40.1 

7.8 

- 55.8 




1 60 28 24. 
— 23 24 21. 


1 

1 

1 

h. m. s. 
. II 56 48.4 

I 2 44.9 


60 29 3g. 
- 23 25 47. 




-H 37 4 3. 


+ 37 3 52. 




Time of Culmination 
• Chronometer slow .... 


Time of Culmination 
Chronometer slow .... 

Chron. Time of Culmination . 


h. m. s. 

. II 57 18. I 

I 2 45.2 


i Chron. Time of Culmination . . 10 54 3.5 


. 10 54 32.9 



Observations taken through clouds. 
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ADDENDUM B— Continued 



SUN 



DECEMBER 19. 



POLARIS 



OnArc^rj. ' OlV Arc^(^^ 



Index ('orr. 



-h 



Index Corr., 6:c. — 



33 15 
10 

15 
o 21 .6 

TO.O 

o II .6 



359 27 30 
30 
30 



: Index Corr. 

i 
! E 

Index Corr., &<: 



2 Altitude. Chronometer. 



i 


1 


58 30 50 






30 45 






31 10 




1 


59 36 15 


' 


i 


36 15' 




• 


36 20 


Means 


59 3 35. S 


Index Corr. 


, &c. 


— II .6 



h. m. s. 
10 51 35. ^> I 

52 27.0 

53 7.0 I 

54 37.0 

s;6 16.0 

I 
57 2.0 

10 54 10.7 l| Means 

" Index Corr., &c. 



il 



r 

^ 



59 3 24.2 Ther. 64. 



ii 



60 2S 17.9 



Refraction 
Parallax 



.4- 



I 40. 1 

7.8 , 



Bar. 



in. il \il 
30-16 



Am 

6 



;- 6.7 


60 29 44. 
- 23 25 47. 


-H 37 3 57- 



Refraction 
/ cos / 
2d term 



DECEMBER 19. 



Coincidence | 
of Images. 1 

, .. i 
o 30 
30 I 
50 



+ 



o 36.7 
14.2 

o 22.5 



2 Altitude. Chronometer. 



76 54 30 
55 30 
55 30 
55 10 
55 10 
55 40 



76 55 I5-0 
22.5 



h. m. s. 
6 29 37.5 

30 46.5 

31 48.0 

33 5.5 

35 23.5 

36 13-0 

6 32 49.0 



I 



76 54 52.5 
38 27 26.2 



- I 13.5 

:— I 22 18.7 

-h 0.2 



+ 37 3 54 



Tinfte of Culmination 
Chronometer slow 



h. m. s. 
II 57 18. I 

I 2 45.2 



Chron. Time of Culmination 



10 54 32.9 



h. m. s. 
Chronometer slow i 2 45.3 

/ o 16 15.3 

f^ 88^ 37' 28". 9 

/ 4951". I 



15— E 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1870. 



ADDENDUM B— Continued. 



f 

1 

1 POLARIS 

1 

1 


DECE 

Coincidence 
of Images. 


MBER 19. 


SUN . . . DECEMBER 21. ! 

! 


1 


1 
1 


On Arc w. 


OffArc = w». 1 


1 
1 


1 1' 


> /> 




20 






33 20 


359 27 40 




40 


1 


1 


15 


30 : 




20 


1 
1 


\ Index Corr. 


20 


35 


! Index Corr. 


— 26.7 


— 26.6 


1 


E 

1 


-1- 14.2 
— 12.5 

2 Altitude. 


1 
Chronometer. 

h. m. s. 
6 37 10.5 


E 
\ Index Corr., &c. 


+ 10. 


1 


; Index Corr., &c. 


— 16.6 
2 Altitude. 








Chronometer. 




oil/ 

76 55 30 


1 II 
59 32 30 


h. m. s. 1 
10 51 37.0 ! 




56 10 


39 4.0 




32 30 


52 2.0 




54 


40 2.5 




32 40 


53 23.0 


1 


55 


41 16.5 




58 27 35 


59 8.5 




54 


43 7.5 




26 10 


II I 38.0 


1 


55 10 


45 45.5 
6 41 4.4 




25 55 


I 58.5 
10 56 37.8 


Means 

1 

• Index Corr., &c. 


76 54 58.3 
- 12.5 


. Means 


58 59 33.3 


Ther. 49.5 

in. 
Bar. 30.13 i 


I Index Corr., &c. ,— i6.6 

1 




12 

Refraction 

1 


76 54 45.8 

38 27 22.9 
- I 13.5 


1 

Refraction 


58 59 16.7 


1 

1 
1 


60 30 21.6 
+ I 38.3 




/ cos / 


— I 22 2.8 




Parallax 


7.8 




2d term 


-+- 0.5 




Am 

1 
1 

: '^i 

cJ 

; 

1 


- 34.1 
60 31 18. 




^ 


+ 37 4 7. 




. . . 


li. m. s. ; 
. I 2 45.3 ; 

24 32.0 


— 23 27 15. 


h. m. s. 
II 58 18. I 


Chronometer slow 


-+- 37 4 3. 


/ 


j 








Time of Culmination .... 


1 






Chronometer slow 

Chron. Time of Culmination . 


I 2 45.9 




10 55 32.2 
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ADDENDUM B~Continued. 



SUN . 


DECEMBER 21. 




On Arc — w. 


Off Arc =w'. 




III 




33 10 


359 27 50 




15 


40 




15 

1 


45 


Index Corr. 


1 
— 29.2 




E 


-H 10. 




Index Corr., &c. 


— ig.2 




1 


2 Altitude. 

1 


Chronometer. 




t II 


h. m. s. 




58 25 10 


II 2 38. 5 


* 


25 


3 0.5 




24 50 


3 25.5 

^ 


• 


59 29 10 


4 25.0 




28 30 


5 0.0 




27 40 


5 29.0 


Means 


1 
58 56 43.3 ,' " 3 59-8 


Index Corr., &c. 


— 19.2 





Q 

c 

Refraction 


58 56 24.1 


Ther. 67.0 


60 31 48.0 
+ I 38.5 


in. 
Bar. 29.77 


Parallax 


7.8 




.4w,, 


— 2 0.0 




c, 


60 31 19. 




9 


- 23 27 15. 




+ 37 4 4. 








h. m. s. 



Time of Culmination 
Chronometer slow 



II 58 18. I 
I 2 45.9 



Chron. Time of Culmination 



10 55 32.2 
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OBSERVATIONS OF THE ECLIPSE OF DECEMBER 22. 1S70. 



ADDENDUM C. 
List of Articles formin\; part of the Equipment of the Expedition to Syracuse 



I Achromatic Telescope of 3 inches aperture and 43 i 
inches focus, cquatorially mounted, and provided 
with the necessary eye-pieces, shade-glasses, dew- 
cap, caps for reducing aperture of ohject-glass, 
counterpoises, adjusting tools, &c. 

I Single-Prism Spectroscope, with an adapter for attach- 
ing it to the telescope, shade-glasses for observing 
spectrum of the sun, and a lantern for illuminating 
the micrometer scale. 

I Arago Polariscope of double rotation, for use in the 
hand. 

I Arago Polariscope, and i Savart Polariscope, fitted for 
use with a telescope. 

I Si.\-inch Sextant, having a thermometer packed in the 
same case with it. 

I Mercurial Artificial Horizon. 

I Pocket Sextant. 

I Black-glass Artificial Hori/on, provided with inclined 
planes for measuring zenith distances up to 130 . 

I I'rismatic Compass. 

1 Small Rellecling Level. 

2 Pocket Compasses. 

I 50-foot Tape- Measure. 

I liinocular Field-Glass. 

I Pocket Telescoix., and screw-clip for same. 

I Set of Cohjred Glasses. 

1 Pocket Aneroid Barometer. 

2 Pocket Thermometers. 
I Rain-(iauge. 

I Set of Drawing Instruments. 

4 .Mean-lime Box Chronometers. 

I Leather (.'asc, with strap, to carry a box chronometer 

reuKjved from its gimbals. 
I B<jx, with lock and leather stra[), to carry 4 box chro- 
nometers removed from their gimbals. 
Pig lead, to be used for counterpoising telescope. 
Olive oil for lubricating axes of stand for same. 
Soft rags and camel's hair dusting brush for cleaning 
lenses. 
I Lantern, and ball'of wick for same. 
Burning-tluid for same. comi)osedof I volume of spirits 

of turpentine mixed with 4 volumes of alcohol. 
Candles and candlesticks. 
I Camj>-stool. 
Twine — coarse, medium, and fine. 

Ro[jC. 

Wrapping paper. 
I 7-fo(;i -\merican boat ensign, and halyards for same, 
(-'relle's Rechentafeln. 



Bremiker's 6-Figurc D>garithms. 
Bowditch's 5-Figure Logarithms. 
4-Figure Logarithms. 
Loomis's Practical Astronomy. 
Chauventt's Spherical aud Practical Astronomy. 
Chauvenet's Trigonometry. 
American Nautical Almanac for iSyo. 
English Nautical Almanac Circular, No. 12, giving path 
of the total solar eclipse of December 21-22, 1870. 
Celestial Atlas. 

Scale of tints for comparison with color of prominences. 
English Admiralty Charts: 
North Coast of Sicilv. 
East Coast of Sicilv. 
Southern Coast of Sicily. 
Sardinia to Malta, including Sicily. 
Malta and Gozo Islands. 
Valeita Harbors, and the Coast Westward to Mada- 

lena Point. 
Syracuse Harbor. 
City and Bay of Palermo. 
Blank forms for time, latitude, and spectroscope obser- 
vations. 
Foolscap, letter, and note paper. 
Drawing and tracing paper. 
Bufi'-colored paper. 
Blotting paper. 
Envelopes, assorted sizes. 
Ink. 

Pens and penholders. 
Black lead pencils. 
Blue and red pencils. 
India rubber. 
l\iper-cutter. 
Sealing-wax and wafers. 
I Small drawing board, ruler, and squaic. 
I Claw-hammer. 
I Hatchet. 
I Brace and bits. 
3 Screw-drivers, assorti'cl sizes. 
I Set of awls, and other small tools, contained in a lioUow 

handle. 
I Pair tlai pliers. 
I Pair round pliers. 
I Pair cutting pliers. 
Sail -needles. 

Screws and nails, assorted sizes. 
Wire of assoited sizes. 
6 sheets of sand and emery paper, assorted. 
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ADDENDUM D. 

Letter of Captain Tuptnan^ R. M. A., giving an Account of Obseroations made by him on the Total Solar Eclipse of 

December 22, 1870, while assisting Professor Harkness at Syrcuuse, 

H. M. S. Prince Consort, 

Malta, December 27, 1870. 

My dear Professor Harkness : According to promise, I send you the few remarks I have to make 
concerning the ecHpse, so that you may know exactly whereabouts I kept your spectroscope during the 
totaHty. 

It is no use my saying anything about your " finder," through which I observ^ed the corona. If I give 
any details worth publishing you can add a description of the instrument. It struck me when looking at 
the spots on the sun that it was particularly good.* 

At the first contact the telescope was steady, and my time is good. 

When we were examining the adjustment of the pointer of the finder with the slit of the spectroscope, 
I kept the former on the upper cusp of the sun's crescent. The telescope was vibrating too much in the 
wind to judge if the adjustment was very accurate, but I do not think there was an error of one minute. 

I am unaware of the position in which the slit was i)laced with respect to the vertical ; but I remember 
that, facing the sun, the eye-telescope of the spectroscope was on the left and inclined very little upward, 
say fifteen degrees. 

I watched the disappearance of the sun without the intervention of any coloring-glass whatever. The 
definition was perfect. The fine crescent shortened somewhat rapidly, then broke up at either end into 
several elongated beads of light, and finally disappeared with startling suddenness, when I gave you the 
time-signal. I could not hear the beats of the chronometer. 

Up to this time I had not seen anything of the corona or protuberances, and I do not think the com- 
plete disk of the moon was visible ; however, I did not take my eye off the disappearing limb of the sun. 
The ring of prominences and corona appeared as if by magic as the last ray of direct sunlight vanished. 
The brilliancy of the prominences quite startled me, especially of one a little to the right of the vertex. 
Their color, and that of the thin ring of light which united them, was a strong apricot pink, a color very 
difficult to match or describe. It was quite free from any tint of orange or vermilion, and unlike any color 
of the solar spectrum. The high protuberances appeared like electric lights attached to the limb of the 
moon. There was a break or interruption in the colored ring in the right lower quadrant, some twenty 
degrees long, between two not ver)' conspicuous prominences, D., Fig. i. 

The body of the moon was considerably illuminated with a greenish-gray tint, similar to the lumiere 
cendree seen at new moon. I have no doubt the irregularities pjg j 

of the lunar surface might have been seen. The moon was not « 

so dark as the sky beyond the corona, of which I had an exten- _...'-'' / 

sive view from the size of the field.t • ..•-'" A / 

The first part of the corona that attracted my attention was 
a ray, or enlargement in the right upper quadrant, a little to the 
right of the very bright protuberance A, (Fig. i;) but by the time 
you had done with the polariscope, which could hardly have been 
ten seconds, the left and lower left parts, B to C, were the largest 
and brightest, and so they remained until near the end of totality, 
when the part D, in the right lower quadrant, almost, if not quite, *'•••. ^ D \ 

rivaled them. The ray D did not enlarge suddenly, but very '"- ••—'** 

gradually indeed. The upper part of the corona was throughout N 

the faintest. The extreme right was also faint until quite at the end of totality, when it brightened a little 
No part increased in brilliancy without extending itself farther from the moon at the same time, so as to 
become a more or less pointed ray. I do not think any part of the corona extended farther than twenty - 
five minutes from the limb of the moon ; no part was less than ten minutes, if so little. 

*The finder attached to my telescope has an object-glass of 1.20 inches aperture, and 8.78 inches focal distance. The eye- 
piece used by Captain Tupraan produced a power of 10 diameters. (W. H.) 

tThe field of view was 3" 15' in diameter. (W. H.) 
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Of the sfrtutiirc of the corona I have the hvetiest recollection. It was made up entirely of fine black 
lines, (that is, black enough to be distinctly visible,) on a white background, which commenced imperceptibly 
'at a short distance from the chromosphere, and went off into the sky beyond. They were continuous and 
uniform, but unequally distinct and uneijually distributed, aUhough close together everywhere. There were 
no cun-ed or crossed tines, or lines radiating from any other point. 

The corona had no definite boundary. With the exception of the clearly-defined limit of the red 
flatne-ring there was no other hne of demarkation regularly or irregularly parallel to the moon's limb. It 
was white without a trace of any other color, aiid less intense than a bright white cloud, except at the base, 
which was very bright. The intensity diminished rapidly to a distance of five or six minutes, remained 
nearly uniform to near the outer limit, then faded off rather suddenly, although the unequal extension of 
the different parts gave it the appearance, a,s a whole, of fading off much more gradually. There was nothing 
geometric in its form, and the brighter portions, which were invariably those that extended the farthest, did 
not appear to have any relation of position with the prominences. The outer limits exhibited no corusca- 
tions, but fa<led off in the same uniform radial manner all round. 

It is quite inconceivable thai the corona could have presented the appearance it did to me if it be an 
atmosphere surrounding the sun to a distance of twenty-five or thirty minutes. My impression is that I was 
looking into a hollow cyhnder of light, the inner surface of which was projected flatly on the plane perpen- 
dicular to the line of sijht or axis- The change in the form and intensity of parts of the corona also 
seemed incompatible with its belonging to the sun. 

I hardly feel justified in making a drawing, for, having concentrated my attention on keeping the pointer 
in the most favorable position for the sjiectroscope work, I did not make any estimations of angles of posi- 
tion, or of the extent or relative intensities of different |>arts. I chose the brightest parts, and remember 
whereabouts they were — but not exactly. Besides, my head was inclined considerably to my left, and my 
estimation of the position of the vertex may be considerably in error; but I am certain that the remarkably 
bright protuberance I noticed was very near the south point of the moon, then twenty-six and ,a half 
degrci^ :o the right of the vertex. • 

Vou will remember that during the partial phase we looked for a line of brighter light on the sun par- 
allel to the limb of the moon. I once or twice fancie<l something of the kind, but the immediate contrast 
would account for it. I think it was with a power of eighty or ninety, witii fair definition.t I also atten- 
tively obsened the cusps and the limb of the moon. It would be dilhcult to imagine anything more 
fttriking than the extreme sharpness and c/ciw/wcw with which the light was cut off. The irregularities of the 
lunar surtace were projected very sharply on the sun, affording ocular demonstration of the absence of any 
atmosphere on the moon. 

I cndeavoreil to keep the pointer at a distance of eight or ten minutes from the ring of prominences ; 

but, the vibration of the telescope being about ten minutes on either side, the pointer oscillated between the 

j.'ig. 2. limb of the moon and the outer part of the corona. I first placed it in the 

middle of the bright part H, (Kig. i,) and gradually moved it down to C, and 

^^^^■\ eventually on to I). Once I moved it from H right across to A ; but as you 

^^^^M/ then .said you could see nuthing I quickly went back to B. While examin- 

^^^^^mi ^ ..,;*■ ing the part I), the pointer remained very ste.ady for several seconds opposite 

^^^^^^mj -■- -l^"^-" ■ the mid<lle of the interruption in the ring of prominences, the extreme point 

^^^^^W ""' -^of^ making about an equilateral triangle with the terminal protuberances, (Fig. 2.) 

^^^P^ .. 5^<?^' "f the ninety-five to one hundred seconils that you observed the spectrum 

^^^^ , ^'^ V^ ■' the |>ointer was not ten near the ring of prominences. The spectrum of the 

\ B.. :^x^ ■ chromosphere m.iy have been very often visible when the silt was normal to the 

■ *■ linili. From your exclamations at the time I know that the outer hmit of the 

corona gave a j^iyi-ii line, and it seems to me a most fortunate circumstance 

that the slit w,is open to the right extent. 

'ITie limb of the sun reappeared very suddenly, and I at once noted the 
time, for which I had to put my face very close to the chronometer. 



i 



e»h,at li{;hl<.-r, sti.l thi- lunly i.f ihtf in.»m s..riie»hnt -l.itkur, 
' llie majpiifyiin; j-iwi-r hos 65;^ cliamt■(L■^^. (W, (I.) 
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The following are the times 1 noted by Negus 1115 :* 

h. m. s. 

First contact . . . . . . . . . ' ' 35 3° 

Disappearance of the sun . . . . . . . i o 9.5 

Reappearance of the sun . . . . . . . . 1155 

Last contact . . . . . . . . . not observed. 

At Malta the first and last contacts were observed by M. Barthet, with an astronomical telescope of 
about two inches aperture, as follows ; 

h. m. s. 

First contact . , . . o ^4 12 ) ,^ „ ^^ 

T oo<^ ^^««.n^«. o - } Valletta mean time. 

Last contact . . . . . . 3 18 50 ) 

The position of his observatory is 38 seconds of latitude north, and 0.6 second (of arc) of longitude 
west of " Spencer's Monument."t 1 had computed the time of first contact very accurately from the data 
in the British Nautical Almanac as o^* 33"* 5** for the Monument. 

For Syracuse the predicted time of the first contact, computed from the British Nautical Almanac, was 
about ninety-five seconds too late ; by the American Ephemeris only four seconds too late. 

For the beginning of totality, the British time was about twenty-one seconds too early ; the American 
about sixteen seconds too late. 

The duration of the total phase was accurately predicted as one hundred and six seconds. 
For the last contact Agnello's time, computed from British data, was 3'' 21'" 54^, and the observed times 
ranged from 3** 21"* 39® to 3** 21"' 59* Syracuse mean time. 
I am, etc., 

G. L. TUBMAN, 

Captain R. M. A. 



* At the time of the eclipse Negus 11 15 was i'' 2"' 45^.7 slow of local mean-time. For a comi)lete list of all the times of 
contact observed at Syracuse, see page 82. (W. 11.) 

tThis, combined with the geographical deleruiinations of tlic cxpedilion, gives for the position of M. Barthet's observatory, 
atitude 35"^ 53' 37" north, longitude o'» 58"* 4". 5 east of Greenwich. (\V. H.) 
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REPORT OF PROFESSOR J. R. EASTMAN, U.- S. N. 



United States Naval Observatory, 

Washington, D. C, March i, 1871. 

Commodore : I have the honor to present to you, in accordance with the orders of the Honorable 
Secretary of the Navy, the following report of my observations of the total solar eclipse at Syracuse, Sicily, 
on December 22, 1870. 

In accordance with your instructions I provided myself with the following instruments : A telescope, 
equatorially mounted, by Clark, with an object-glass 3.25 inches in diameter ; an aneroid barometer; dry 
and wet bulb thermometers ; an actinometer, a photometer, and a Savart polariscope. 

The above instruments are the same, except the photometer and polariscope, that I used in 1869, and 
are described in the Observatory Report of the Eclipse of August 7, 1869. The photometer is the same as 
described in that report, except that the tube has been shortened 3.5 inches, in order, if possible, to measure 
the relative amount of diffused light in the atmosphere during totahty. The Savart polariscope was loaned 
me by Professor Harkness. It is constructed in the usual manner of a plate of quartz, cut obliquely to the 
axis, and a plate of tourmaline, but is mounted in a cell, and by means of an adapter was made to fit the 
telescope like an ordinary eye-piece. In London I completed my list of instruments by purchasing a solar 
and maximum and minimum thermometers, which had been tested at Kew. 

All these instruments, but the telescope and polariscope, were a portion of my private collection. 

In company with Professors Hall and Harkness, I left New York on the 2d of November, 1870, by the 
Cunard steamer China, for England, where I was detained two weeks before I could secure passage by 
steamer from Southampton to Malta. At Malta I was again delayed by the failure of the steamer, on ac- 
count of a storm, in making her regular trip, but finally reached Syracuse on the nth December. 

The Prefect of Syracuse very kindly offered us our choice of observing stations, and we selected that 
bastion of the city wall, northwest of the Porta Terra, or gate toward the mainland. By the courtesy of 
the Prefect and of the Commandant of the Italian troops in Syracuse, we were allowed the use of an artillery 
store-house in this bastion for sheltering our instruments when not in use, and were not only constantly pro- 
vided with a sentinel at the store-house gate during our stay in Syracuse, but Colonel Rossi furnished a 
strong guard on the day of the eclipse to prevent our being annoyed by crowds of idle wonderers from the 
city. 

On unpacking the instruments the aneroid barometer was found to be somewhat damaged, probably 
owing to the severe usage which the box received when it was forced open by the customs officers in Liver- 
pool. 

The errors of the barometer were determined by comparison with another aneroid, and by frequent com- 
parison I found that its relative indications were tolerably reliable, though utterly useless for absolute deter- 
minations except when almost constantly compared with another instrument. 

After securing a double-roof protection for the meteorological instruments, I commenced on December 
16 a series of observations to determine the normal meteorological conditions, as a standard with which to 
compare the changes that might occur during the eclipse. 

I selected as my station for observing the eclipse the Stone Gun-Platform, 36^ yards south of the 
station chosen by Professor Harkness for observations for time. The meteorological instruments were 
stationed about four yards east of my observing station, the barometer being fifty-two feet above mean half- 
tide in the harbor of Syracuse. 

It may be interesting, as showing something of the climate of Syracuse in December, to present the 
daily record of the observations, which I have accordingly done in the following tables. In these tables the 
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readings of the barometer have been corrected only for error in scale reading and for temperature, and the 
proper corrections have been applied to the readings of the thermometers. 



1 


Thermomdicrs. 


Wind. 


Weather. 




Date. 

1 




Solar. 


1 




naromctcr. 

Dry. 


Wet. 


Direction. Force.l Clouds. 

i 1 


Portion 
cloudy. 


1 

■ 

1870. h. 


in. " 


n 


•1 


1 






Dec. 16, 8 


29.99 56.7 


55.7 


89.0 


H/a • • 


I 


Cirrus . 


I 


9 


29.98 i 54.7 


54.0 


95.5 


SE. . . 


I I Cirrus . 


I 


II 

1 


29 . 98 64 . 2 


60.5 


106.8 


SE. . . ' I 1 Clear . . . 





12 


29.96 61.6 


58.7 


107.5 


oil*. . • 


I 


Clear . 





13 


29.95 62.2 


59-0 


108.0 


Calm . 


Clear . 





14 


29.94 ' 64,4 


59.0 


108.5 


Calm . 


Clear . 





i '5 


29.94 65.2 


60.0 


102.0 


1 
Calm . Clear . 




1 


; 16 


29.94 62.7 


57-0 


100.5 


Calm . 


Clear . 





17 


29.96 60.2 


56.0 


63.0 


Calm . j Clear . 





18 


29.96 57.2 


55.0 


55.0 


Calm . 





Stratus . 


I 


^9 

1 


30.00 57.2 j 53.0 
Maximum, 66*^.8. 


55.0 


Calm . ■ Stratus . 
Minimum, 46''.8. 


I 


Dec. 17, 8 


30.02 


50.5 


48.3 


70.8 


Calm . 





Clear . 





9 


30.02 


54.7 


53.0 


87.0 


Calm . 





Clear . 





II 

1 


29.95 65.2 60.0 


102.5 


Calm . 





Haze and cirri. 




12 


29.93 i 67.3 60.0 


103.5 


Calm . 





Haze and cirri. 


I 1 


13 


29.84 


69.7 


61.9 


III.O 


Calm . 





Haze and cirri. 




M 


29.84 


h8.5 


61.3 


no. 2 


Calm 





Haze and cirri. 




15 


29.83 


67.7 61.5 


99.5 


Calm . 





Haze and cirri. 


1 

X 


16 

• 


29.82 


68.2 1 61.3 


96.0 


Calm . 





Haze and cirri. 




17 


29.83 


70.2 i 58.5 


71.0 


Calm . 





Haze and cirri. 


. 2 




Maximum, 73''.o. 




Minimum, 49". 0. 




Dec. iS, 10 


29. S3 66.7 1 57.5 


112. 5 


Calm . i ' Cirro-stratus . 


2 


TI 


29.79 


71.2 


58.0 


120.0 


NW. . , 2 1 Cirro-stratus . 


3 


12 


29. 78 


69.2 57.0 


125.0 


NW. . 


2 Cirro-stratus . 


4 


13 


29-77 


68.5 . 57.7 


95.8 


XW. . I Cirro-stratus . 


5 


14 


29.76 j 67.7- 


57.2 


82.8 


NW. . 


I Cirro-stratus . 


8 


15 


29.76 66.2 


57.5 


94.5 


NW. . 


I Cirro-stratus . 


8 


16 


29. 82 


64.2 54.5 


89.0 


NW. . 


I Cirro-stratus . 


7 


17 


29.83 


62.5 , 51.8 


64.0 


NW. . 


I Cirro-stratus . 


5 

1 




Maximum, 72". 


9- 


Minimum, 4i'".o. 




Dec. 19, 8 


29.97 


44.7 1 41-5 

1 


76.5 


Calm . 


Clear . . . 


• 


9 


29.96 


50.2 46.3 


87.5 


Calm . 


Clear . . . 


' 


10 


29.94 


55.7 


49.0 


102.0 


Calm . 

1 


Clear . . . 





II 


29.91 


59.4 51.8 


lOI.O 


Calm . ' 


Clear . 




1 


12 


29.89 


60.7 52.9 


107.5 


0. . • i I 


Clear . . . 


1 


13 


29.89 


60.2 52.5 


103.0 


0. . . 1 I 


Clear . 


1 



M 


29.89 


61.2 53.0 


102.0 


S. . . I 


Clear . 





15 


29.89 


59-5 , 51.0 


103.5 


S. . . I 


Clear . 





16 


29.88 


58.2 50.8 


104.0 


Calm . ' 


Clear . . . 





17 


29.87 


57.2 51.0 


94.5 


Calm . ' 


Clear . . . 





18 


29.89 


52.2 47-5 


55.5 


Calm . 


Clear . . . 





19 


29.90 


51.2 , 47.0 


47.5 


S. . . i I 

1 


Clear . . . 





20 


29.92 


48.7 : 46.0 


48.0 


Calm . ! 


Clear . . . 







Ma: 


Kimum, 


62^2. 




Minimum, 44".o. 

• 
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Thermometers. 


Wind 


• 


Weather. 


Date. 




Barometer. 








Direction. 

1 

I 


Force. 






Dry. 




Wet. 


Solar. 


Clouds. 


Portion 
cloudy. 


1870. 


h. 


in. 








1 








Dec. 20, 


8 


29.85 


56.2 


51.5 


53.6 


W. . . 


I 


Cumulo-stratus 9 




9 


29.84 


57.8 


53.0 


65.0 


W. . . 


2 


Cumulo-stratus 9 




10 


29.83 


60.2 1 


54.0 


100.5 


w. . . 


2 


Cumulo-stratus 6 




II 


29.79 


61.0 


54.0 


105.0 


w. . . 

1 


2 


Cumulo-stratus 3 




12 


29.77 


61 7 


55.0 


112. 


w. . . ' 


4 


Cumulo-stratus 2 




13 


29.76 


62.2 


56.5 


III.O 


w. sw . 


3 


Clear . 







14 


29.74 


62.2 


54.5 


105.0 


sw. . 


3 


Clear . 







15 


29.74 


61.2 


54.3 


102.5 


sw. . 


3 


Clear . . . 







16 


29.75 


59-2 


53.0 


95.5 


sw. 


3 


Clear . 







17 


29.76 


57.2 


51.5 


67.0 


sw. . 


3 


Clear , 









Ma: 


icimum, 


63^3. 




Minimum, 49''. 


5. 




Dec. 21, 


7 


29.74 


53.2 


48.2 


47.8 


Calm 





Cirro-stratus 


2 




8 


29.74 


56.2 


50.2 


85.5 


Calm . 





Cirro-stratus 


; ' 




9 


29.71 


57.2 


52.2 


89.5 


, Calm . 





Cirro-stratus 


1 
I 




10 


29.68 


62.2 


55.2 


105.0 


sw. . 


I 


Cirrus . 


i I 

1 




II 


29.65 


63.7 


57.2 


log.o 


Calm . 





Cirrus 




I 




12 


29.62 


64 . 2 


58.0 


' 113. 9 


sw. 


2 


C. K. 




2 


• 


13 


29.60 


65.7 


59.0 


113. 


sw. . 


3 


C. K. 




. 1 2 




14 


29.57 


65.7 


5S.5 


no. 5 


sw. . 


2 


C. K. 




2 




15 


29.59 


63. 8 


59-f' 


108.0 

1 


SW. . 


2 


C. K. 




• 1 3 




16 


29.61 


61.7 


58.0 


; 83.0 


sw. . 


I 


C. K. 




. • 5 


1 




Ma 


ximiim 


, 66 .^. 




Minimu 


ni, 47 . 


0. 





On the 2ist there were unmistakable signs of the coming change in the weather. The barometer was 
unsteady, but gradually falling; the low bank of clouds, of a peculiar ashy hue, that hung over the Malta 
Channel, threatened wind from the S. W. or W., and during the entire day Etna was wrapped in a heavy 
mass of cumulus clouds. At i^' a. m. on the 22d, a very light shower came on, with a slight sprinkle of 
snow, accompanied with lightning and thunder. At 7^' a. m. the clouds were quite dense near the 
horizon, but were clearing away near the zenith. The clouds seemed to condense near the horizon, and 
by 9^ 30"' a. m. only Hght flitting clouds were to be seen at the altitude of the sun. During the 
morning Etna was visible for about three hours, and it was evident that since the previous morning it 
had experienced" a heavy fall of snow. The barometer was quite low during the morning, and in fact 
all day, and while Etna was visible in the morning there was an unusually large cloud of smoke or vapor 
flowing from the crater. 

At 11^ a. m., I attempted to make a sketch of the spots on the sun, but the strong wind jarred my 
telescope so much that I was obliged to give up the idea. 

In order to obtain the most and the best work in the shortest time, I arranged the following plan, which, 
so far as circumstances would permit, I was able to carry out in every respect : 

I**. Observe first contact. 

2°. Observe with the actinometer -until five minutes before the beginning of totality, occasionally exam- 
ining the edge of the advancing moon. 

3°. Observe the. time of the beginning of the total phase. 

4°. With the polariscope observe — 1°. The dark surface of the moon ; 2®, the sky near the corona ; 3**, 
the corona, especially the denser portions. 
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5^ Ol>serve the time of the end of totality. 
6®. Observe with the actinometer as before. 
7**. Observe the time of last contact. 

Mrs. Eaiitman was, as in 1869, to make the usual meteorological observations, and observe with the pho- 
tometer at inter\als of ten minutes during the progress of the eclipse, and during the total phase to make 
one observation, if possible, with the photometer, and read the solar thermometer once. 

By noon the wind had considerably increased and the flying clouds were increasing in density. 
At the time of first contact, though the sky was perfectly clear about the sun, the wind disturbed the 
telescope so much that I could not get a good image of the sun's limb at the point of contact, and the time 
of contact, as I observed it, 11^ 39"' 12", by chronometer Xegus 1340, which I used for all time obser\'a- 
tions on the 2 2d, must have been several seconds too late. 

Soon after first contact I attempted to make some observ-ations with the actinometer, but the increasing 
and quickly moving clouds prevented my getting more than two good readings, and though I made several 
subsequent trials at every favorable opportunity during the day, I did not succeed in getting a single com- 
plete set of observations. 

After the first contact the cloudiness increased quite rapidly, and about twenty minutes before the total- 
ity a dense white cloud completely obscured the sun, its increasing proportions threatening to frustrate all 
our hopes for success. This cloud did not disapj)ear by moving away in a mass, but seemed to melt away 
from a point in the vicinity of the sun, remains of it completely surrounding the sun until some minutes after 
totality. Abiut four minutes before the total jjiase a rift, about three times the diameter of the sun, appeare<l 
in this cloud, through which the outline of the sun could be easily traced, and the light cirrus-like clouds that 
were constantly passing over this space were dense enough to enable me to examine the decreasing cusps of 
the sun without the aid of the colored shade for the eye-piece. 

As the crescent of light gradually decreased the boundary of the aperture in the cloud grew somewhat 
larger and more distinct, with the sun apparendy in the center of this cloud-fram e, and the light, fleeting 
clouds that drifted across the face of the moon became less dense and moved with a lower velocity. After 
the obscuration of the sun by this cloud the wind increased considerably and blew in fitful gusts, while the 
chilly sensation, as of going into a deep cavern, came on suddenly and to such an extent that the addition 
of more clothing failed to counteract its effect. The phenomenon of total obscuration of the solar light was, 
of course, owing to the aj)parent difference of the relative diameters of the sun and moon, quite different 
from that in 1869. 

In 1869 the thin crescent faded away very rapidly from the cusps toward the central line, while at the 
center there was an appreciable breadth of light ; but at Syracuse the crescent of the same breadth was at 
least twice the angular length of that of 1869, and broke up into four pieces, all of them seeming to disap- 
pear at the same instant. Just previous to the totality I attached the polariscope by means of the adapter 
to the telescope and carefully adjusted the focus. The eye-piece connected with the polariscope had a 
magnifying power of 32, and with this eye-piece I observed the beginning and end of totality. 

I noted the time of bc>ginning of totality at i^* 3'" 5i''.o by chronometer 1340. I immediately turned 
the telescope upon the dark face of the moon, and saw alternate dark and light bands of nearly equal inten- 
sity over the whole surface, but the distinction was a little less marked at the center of the moon. These 
bands were not changed in distinctness or tint during a complete revolution of the polariscope. I then 
moved the telescope so as to take successively into the field portions of a belt of the sky outside the 
visible limits of the corona, extending completely around the moon, but the alternate dark and light bands 
remained the same in tint, but varied in intensity or distinctness, according to the position of the clouds. 
Where tlie sky was nearly dear of clouds the definition of the bands was about the same as on the dark 
surface of the moon, but the definition was very much improved whenever a denser portion of the cloud 
was in the field. I then moved the telescope around the moon in such a way as to keep the lower and 
denser portion of the corona near the middle of the field, with results similar to those derived from the 
examination of the sky beyond the corona, excei)t that the intensity of the tint of the bands was at its maxi- 
mum when they were parallel or perpendicular to a tangent to the moon's limb. Once I thought I detected 
a faint tinge of green in the bands, but I was not able to see it again. I also saw a faint but decided red 
tinge in the bands over what 1 at first took to be a very dense portion of the corona, on the southwest limb of 
the sun, but on more < areful scrutiny it proved to be a cloud moving easterly. I then turned the telescope for 
an instant to the bright edge of a cloud near the westerly limb of the sun, and there saw distinct traces of 
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color in the bands, though the tints were very faint. As it was now nearly time for the end of totality, 
I brought that portion of the moon's limb where the light of the sun would re-appear into the center of the 
field, and, during the few remaining seconds, carefully studied the appearance of the corona and the most 
conspicuous protuberance. 

The structure of the corona appeared essentially the same as in 1869, and consisted 01 three distinct 
portions. 

That portion next the edge of the moon, in many cases nearly obscured by the low and quite continu- 
ous range of protuberances which stretched along the limb of the sun for about 150°, was nearly white and 
resembled the denser portions of nebulae. It seemed to be concentric with the sun, and I estimated its 
height, at the point near the large protuberance, at about one minute. The height of the next portion above 
the limb of the moon was about six minutes, and it had a decided radial structure, especially near the outer 
limit. Its color was silvery white. This portion seemed to be concentric with the sun, and its for«m .was 
quite symmetrical, showing no change whatever in its outline in the vicinity of the protuberances. 

The third and outer portion of the corona, on the western limb of the sun, consisted of three projec- 
tions of light striated, or of a radial structure, resembling the short bands of streamers that are frequently 
seen rising from the auroral arch. One of these projections on the northwest limb of the sun was quite 
small, extending not more than five minutes above the limit of the second jjortion of the corona. The 
others, one on the southwest and one on the northwest limb of the sun, attained an altitude of about nine 
minutes above the second division of the corona. 

The projections from the main portion of the corona were a silvery or grayish-white color, and the light 
was steady without any flickering. 

Near the extremities of these projections they resembled very much the appearance 01 the sunlight as 
it passes through the interstices of the clouds near sunrise or sunset. The only protuberance which I noted 
carefully enough to enable me to sketch its position and outline, was located a little to the north of the point 
where the sun's light re-appeared. In form it resembled a mushroom, or the conventional representation of 
a waterspout, its outer limit being about two minutes above the limb of the moon. Its northern limit was 
quite smooth and regular, while the southern edge was rough and jagged, looking as if a strong current of 
wind was sweeping the lighter portions of its mass to the southward, and showing these rough edges and 
floating, irregular filaments in projection. The color of the southern end of this protuberance was a lighter 
pink than the main portion of the mass, or than the low range of protuberances, which I had no time to 
examine further than to note their color and general outline. 

The end of totality was preceded by an increasing glow near the limb of the moon, south of the large 
protuberance, and announced by the bursting forth of a mass 01 light, shaped like the apex of a sugar-loaf, 
which spread north and south along the edge of the moon like a flash of lightning. This phenomenon I 
noted at i^' 5™ 32^.^, At the end of totality I immediately finished my sketch of the corona and protuber- 
ances, and completed my fragmentary notes of the phenomena. 

About fifteen seconds before the end of totality, the murmurs and exclamations ot the people who had 
crowded into the open space between our guards and the prison, became so loud that I could not hear the 
beat of my chronometer, and Mrs. Eastman abandoned her general observations to count the second beats 
of the chronometer aloud. 

During totality I felt some hard substance strike my lace several times, and Mrs. Eastman noticed the 
fall of a few small hail-stones at that time. At about fifteen seconds before the end of totality the clouds 
and haze had nearly disappeared about the sun, and in five minutes afterward it was perfectly clear. Mrs. 
Eastman succeeded with all her contemplated observations except with the photometer, and only by her 
assistance was I enabled to observe the time of the end of totality. 

Before totality the flying clouds so interfered with every set of observations with the photometer that 
their value was entirely destroyed, and during totality the whole aperture of the instrument did not admit 
light enough to illuminate the image at the base of the tube. After totality, the flying clouds, though 
they obscured the sun but a few minutes at a time, destroyed the value of the observations for the purposes 
of comparison, and they have therefore been entirely omitted. 

The clouds gradually decreased, and about the time of last contact had entirely disappeared in the vicinity 
of the sun, while the wind had nearly died away. I observed the last contact with great care and very 
accurately, I think, at 2^ 22™ 53". 5. 
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Fig. I. 
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From Professor Harkness*s observations, No. 1115 was found to be i^ 2™ 45'.7 slow of local mean time 
at both the morning and afternoon comparisons; hence the errors of No. 1340 when the comparisons were 
made were — o^ 59*" 6*.5 and — o^ 59"^ 5*.9, with a gaining rate of o*.ii an hour. Applying the corrections 
deduced from the above data to the observed times of contact, and comparing the results with the times 
computed by Professor Hall from the data in the American Nautical Almanac, assuming the latitude of 
Syracuse to be + 37* 3' 53^' ^md the longitude —6^ 9*" 25^.6 from Washington, we have the following table : 





Prof. Hairs 
Computed Time. 


Observed Time. 


i 
C.-O. 

1 s. 




h. m. s. 


h. m. s. 


First contact .... 


38 15.8 


38 18.2 


- 2.4 


Beginning of totality . 


2 3 1.8 


2 2 57,1 


-h 4.7 


End of totality .... 


2 4 43.0 


2 4 38.6 


'+ 4.4 


Last contact .... 


3 22 5.1 


3 21 59.4 


!+ 5.7 



The accompanying sketch was made from the appearance of the phenomena in the telescope when the 
principal prominence was near the center of the field, just before the end of totality, and to avoid any chance 
for confusion the sketch has been finished in the inverted position in which it was seen in the telescope. 

On the night of the 12th December I saw a few meteors, and the observations are given in Addendum A. 

While in Malta I was greatly indebted to Mr. Lyell T. Adnms, the American Consul, who spared no 
pains to make our forced stay an agreeable one; to Captain G. L. Tupman, of the English Navy, and Mr. 
Rosenbusch for many courtesies ; and to Rear- Admiral Hastings R. Yelverton, commanding the English fleet 
in the Mediterranean, who very kindly offered to carry us to Syracuse in his dispatch-boat if the regular 
steamer did not go in season. 

At Syracuse the American Consular Agent, Signor Nunzio Stella, was very assiduous in his courteous 
attentions to our party and rendered us all the aid we could desire, as did also Mr. Frederick Behn, the 
American Consul at Messina. I am also under obligations to the Prefect and the Syndic of. Syracuse, to 
Colonel Rossi, Commandant of the King's troops in Syracuse, to Signor Bisani, the English Consul in the city, 
and to the Syndic of Augusta; in fact, this list might be extended to contain the names of all the government 
officials and scientific men whom I met in England or on the continent, since all manifested a strong desire 
to aid us officially and socially whenever an opportunity occurred. 

As soon as the storm which came on after the eclipse had subsided, I left Sicily for the continent and 

reached Washington on the i8th February, 187 1. 

Very respectfully, your obedient servant, 

J. R. EASTMAN, 

Professor of Mathematics^ U, S. Navy, 
Commodore B. F. Sands, U. S. N., 

Superintendent U, S, Naval Observatory^ Washington^ D, C. 
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ADDENDUM A. 

Meteors observed at Syracuse^ Sicily, December 12, 1870. 

The observations were made from the tower of the " Albergo della Vittoria," and the tracks were 
recorded on a temporary chart hastily constructed for the occasion. 

Only the southern portion of the heavens was mapped on this chart, as I intended to observe to the 
southward and note only such stars as might be seen by Captain G. L. Tupman at Valetta, Malta. 

The time was taken from a pockel-watch, which, by comparison with our chronometers, was found to be 
fifty-five seconds slow of Syracuse mean time. 

The times given in the following table have been reduced to Syracuse mean time. 

Besides the meteors whose paths are given I saw thirteen that appeared in the east and the west, bu<t 
beyond the limits of the chart 



• 

S 


Magnitude. 


Time of 
Appearance. 


Path. 


Beginning. 


End. 






h. m. 


s. 


h. 


m. 





1 


h. 


m. 





• 


I 


3 


8 '42 


25 


3 


10 


^ 17 





2 


36 


- 23 


30 


2 


4 


45 


10 


2 


32 


+ 4 


30 


I 


52 


— I 


15 


3 


3 


8 59 


55 


3 


32 


-h 22 


30 


3 


I 


+ 17 


30 


4 


3 


9 2 


10 


2 


42 


+ 21 


30 


2 


9 


+ 17 





5 


2 


2 


25 


2 


41 


-h 20 





I 


47 


+ 12 


30 


6 


4 


10 


35 


3 


43 


— 12 





3 


18 


- 16 


30 


7 


3 


21 


30 


4 


37 


— 12 





4 


10 


- 16 





8 


4 


22 


25 


3 


26 


+ 7 


30 


3 


22 


+ 6 





9 


4 


26 





3 


7 


+ I 


30 


2 


28 


- 6 





10 


3 


35 


45 


4 





- 5 


30 


3 


32 


— 10 





II 


3 


42 


40 


4 


2 


+ 2 





3 


35 


— 2 





12 


2 


48 


10 


2 


10 


+ 10 


30 


I 


33 


+ 5 





13 


3 


9 51 


10 


2 


7 


+ 13 


30 


I 


36 


+ 9 






The light from all these meteors was white, but none of them left trains. 

Most of them moved rapidly, but as I was observing alone I did not attempt -to note the duration of 
each flight. 

J. R. EASTMAN, 
Professor of Mathematics^ U, S, Navy. 




'I'hc Total Solar Krli|..sc of December 22, 1870, as seen 

at SvracLiae, with a l''ft inch telescope by 

Captain I. Tiipman. R M A 
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Total Solar Kcliiise of December 22, 1870, as seen 
at Svraruec, wilh a I '5 inch telescope by 
Captain G I, Tupmrtti, R M A 




Tlu' Total Solai- Kclipse of December 22, 1870. as seen 

ill Svraeusc, with a I'fe inch telescope by 

CaptHin Cr L Tupnian, R M A 






Sketch of the Corona and Protuberances on the western limb of the Sun 

near the.-end of the total phase of the eclipse of Dec 22,1870 by 

Prof J R. Eastman. US N. 
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